EuropSlsch s Patentamt 
@ European Patent Offlc 

Office europeen des brevets 




@ Publication number: 0 480 902 A1 



EUROPEAN PATENT APPLICATION 



@ Application number: 91870160.8 



Data of filing : 09.10.91 



© int Cl. 5 : A01N 37/40, A01N 37/44, 
A01N 25/32 



© Priority : 12.10.90 US 596453 



(43) Date of publication of application : 
15.04.92 Bulletin 92/16 



@) Designated Contracting States : 

AT BE CH DE DK ES FR 6B GR IT U LU NL SE 



© Applicant : MONSANTO COMPANY 

Patent Department 800 North Lindbergh 
Boulevard 

St Louis, Missouri 63167 (US) 



@ Inventor : Miller, Knudt John 
7918 Vickerman Road 
Milton, Wisconsin 53563 (US) 
Inventor : Bussler, Brett Hayden 
2631 Inglewood Avenue 
St Louis Park, Minnesota 55416 (US) 



@ Representative : Bosch, Henry et al 

Monsanto Services International S.A. Patent 
Department, Avenue de Tervuren 270/272, 
Letter Box No. 21 
B-1150 Brussels (BE) 



< 

CM 

00 



(g) Safenlng herblcldal benzoic acid derivatives. 

(57) The disclosure herein relates to the use of certain amdies of dichloroacetic acid and other 
compounds as safener/antidotal compounds to reduce the phytotoxteity to crop plants, especially corn, 
of benzoic acid-type herbicides alone or in admixture with other co-herbicidal compounds, e.g., 
a-haJoacetamides. 
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FIELD OF THE INVENTION 

The field of the invention contemplated herein pertains to the safening of herbicidal compounds with anti- 
dotal or safener compounds. Particular herbicides involved are those of the benzoic acid derivatives with or 
5 without co-herbicidal compounds, e.g., a-haloacetamides and a-haloacetanilides. 

BACKGROUND OF THE INVENTION 

Many herbicides injure crop plants at herbicide application rates necessary to control weed growth. Accord- 
to ingly, many herbicides cannot be used for controlling weeds in the presence of certain crops. Uncontrolled weed 
growth, however, results in lower crop yield and reduced crop quality inasmuch as weeds compete with crops 
for light water and soil nutrients. Reduction of herbicidal injury to crops without an unacceptable corresponding 
reduction of herbicidal action on the weeds can be accomplished by use of crop protectants known as herbicide 
"antagonists", "antidotes" or "safeners". 
15 Weed control for crops, especially com crops, is one of the oldest and most highly developed areas in weed 

science. For a herbicide product to be accepted commercially for com crops, such herbicide product must pro- 
vide a relatively high level of control of both grassy and broadleaf weeds in corn, in addition to meeting several 
other criteria. For example, the herbicide should possess relatively high unit activity so that lower rates of her- 
bicide application are feasible. Lower application rates are desirable in order to minimize exposure of the envi- 
20 ronment to the herbicide. At the same time, such herbicide must be selective in herbicidal effect so as not to 
injure the crops. Herbicidal selectivity can be enhanced by use of an appropriate antidote in combination with 
the herbicide. But identification of an antidote which safens a herbicide in crops is a highly complicated task. 
Whether a compound or class of compounds provides efficacious antidote or safening activity is not a theoreti- 
cal determination but must be done empirically. Safening activity is determined empirically by observing the 
25 complex interaction of several biological and chemical factors, namely: the type of herbicide compound; the 
type of weed to be controlled; the type of crop to be protected from weed competition and herbicidal injury; and 
the antidote compound itself. Moreover, the herbicide and antidote must each possess chemical and physical 
properties enabling preparation of a stable formulation which is environmentally safe and easy to apply to the 
field. 

30 Among the various classes of compounds found to be suitable for various herbicidal purposes are the a- 

haloacetanilides and benzoic acid derivatives. The former herbicides, e.g., alachlor, acetochlor, metollachlor, 
etc., are excellent preemergence or early post emergence herbicides for controlling annual grasses and many 
broadleaved weeds in com, peanuts, soybeans and other crops, while some of the latter herbicides, exemplified 
by dicamba and its salts, may be used as a foliar - or soil-applied herbicide suitable for the control of many 

35 annual and perennial broadleaved species In asparagus, cereals, grain, com, sorghum, sugarcane and other 
crops and woody brush and vine control in pasture, rangeland and cropland. Other members of the latter class, 
e.g., amiben (chloramben) can be used in preplant or preemergence applications. 

It is a common agronomic practice to use various antidotal compounds to reduce the phytotoxicity of some 
herbicides to various crops. For example, fluorazole (active ingredient in SCREEN® safener) is used as a seed 

40 dressing to protect sorghum seed from alachlor (active ingredient in LASSO® herbicide). Similarly, cyometrinil 
(active ingredient in CONCEP® safener) is a com seed safener for use with metolachlor and oxabetrinil (active 
ingredient in CONCEP II safener) is used to safen sorghum seed from injury by metolachlor. The compound 
N,N-diallyi dichloroacetamide (common name R-25788) is used to safen com from injury by the thiocarbamate 
6-ethyl-N,N-dipropylthiocarbamate (active ingredient in ERADICANE® herbicide) and acetochlor (active ingre- 

45 dient in HARNESS® herbicide). 

It is an object of this invention to provide compositions of benzoic acid and substituted-benzoic acid her- 
bicides in combination with antidotes therefor, optionally containing a co-herbicide, which compositions are use- 
ful to reduce injury to crops, especially com, due to phytotoxicity of said herbicides. 

50 SUMMARY OF THE INVENTION 

The present invention relates to herbicidal compositions comprising benzoic acid derivatives and antidotal 
compounds therefor to reduce injury to various crops, particularly com, from the phytotoxic effects of said her- 
bicide when used alone or in combination with other compounds, particularly a-haloacetamides, as co-he r- 
55 blcides. Except where noted herein the term "a-haloacetamides" means acetamides which have substituents 
other than a (un)substituted phenyl. 

In more particular, in a major aspect, this invention relates t a composition comprising: 

(a) a herbicidal compound having the formula 



2 
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COOH 




and agriculturally-acceptable salts thereof wherein 

R3 is halogen, alkoxy or alkyl-substltuted amino and 
n is 0-5 

in admixture with other known herbicidal compounds as co-herbicides, preferably an a-halo-acetamide of 
the formula 




wherein R 7 and Re are independently hydrogen; C,^ alkyl, alkoxy, alkoxyalkyl, acylaminomethyl, acyWower 
alkyl-substituted aminomethyl; cycloalkyl, cycloalkylmethyl, mono- or polyunsaturated alkenyl, alkynyl, 
cycloalkenyl, cycloalkenylmethyl having up to 8 carbon atoms or C4_ 10 heterocyclyl or heterocyclylmethyl 
containing from 1 to 4 ring hetero atoms selected independently from N, S or 0; and wherein said R 7 and 
Re members may be substituted with alkyl, alkenyl, alkynyl, alkenyloxy, alkynyloxy, alkoxy, alkoxyalkyl, 
alkoxycarbomethyl or ethyl having up to 8 carbon atoms; nitro; halogen; cyano; amino or alkyl-substl- 
tuted amino; and wherein R 7 and Re may be combined together with the N atom to which attached to form 
one of said heterocyclyl or substituted-heterocyclyl members; provided that 

(a) R 7 and Rq are not simultaneously hydrogen; 

(b) when R 7 is cycloalkenyl or substituted cydoalkenyl Re is other than an (un)substituted (2-oxo- 
3(2H)benzothiazolyl) methyl radical; 

(c) when R 7 is an alkenyl or substituted alkenyl radical, Re is other than a substituted-alkylene radical 
and 

(b) an antidotally-effective amount of 
(i) a compound of the formula 




wherein R can be selected from the group consisting of haloalkyl; haloalkenyl; alkyl; alkenyl; cycloalkyl; 
cycloalkylaikyl; halogen; hydrogen; carboalkoxy; N-alkenylcarbamylalkyl; N-alkenylcarbamyl; N-alkyf-N- 
alkynylcarbamyl; N-alkyl-N-alkynylcarbamylalkyl; N-alkenylcarbamylalkoxyalkyl; N-alkyl-N-alkynylcar- 
bamylalkoxyalkyl; alkynoxy; haloalkoxy; thiocyanatoalkyl; alkenylaminoalkyl; alkyl carboalkyl; cyanoalkyl; 
cyanatoaJkyl; alkenylaminosulfonalkyl; alkylthioalkyl; haloalkylcarbonyloxyaJkyl, alkoxycarboaikyl; haloal- 
kenylcarbonyloxyalkyl; hydroxyhaloalkyloxyaikyl; hydroxyalkylcarboalkyoxyalkyl; hydroxyalkyl; alkoxysul- 
fonoalkyl; furyl, thienyl; alkyldithiolenyl; thienalkyl; phenyl and substituted phenyl wherein said substituents 
can be selected from halogen, alkyl, haloalkyl, alkoxy, carbamyl, nitro, carboxyiic acids and their salts, 
haioalkylcarbamyl; phenylalkyl; phenyl haloalkyl; phenylalkenyl; substituted phenylalkenyi wherein said 
substituents can be selected from halogen, alkyl, alkoxy, haiophenoxy. phenylalkoxy; phenylalkytcar- 
boxyalkyl; phenylcycloalkyl; halophenylalkenoxy; halothiophenylalkyl; halophenoxyalkyl; bicycloalkyl; 
alkenylcarbamylpyridinyl; alkynylcarbarnylpyridinyl; dialkenylcarbamylbicycloalkenyl; alkynytcarbamyl- 
bicycloalkenyl; 

Ri and R 2 can be the same r dHf rent and can b selected from the group consisting f alkenyl; 
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haloalk nyl; hydrogen; alkyl; haloalkyl; alkynyl; cyan alkyl; hydroxyalkyl; hydroxyhaloalkyl; haloalkylcar- 
boxyalkyl; alkylcarboxyalkyl; alkoxycarboxyalkyl; thioalkylcarboxyalky!; alkoxycarboalkyl; alkylcar- 
bamyloxyalkyl; amino; formyl; haloalkyl-N-alkylamido; haloalkylamido; haloalkylamidoalkyl; haloalkyl-N- 
alkylamidoalkyl; haloalkyl amidoalkenyi; alkyllm!no; cycloalkyl; alkyicycloalkyl; alkoxyalkyl; alkylsulfbnyl- 
oxyalkyl; mercaptoalkyl; alkytaminoalkyl; alkoxycarboalkenyl; haloalkylcarbonyl; alkylcarbonyi; alkenylcar- 
bamyloxyalkyl; cycloalkylcarbamyloxyalkyt; alkoxycarbonyl; haloalkoxycarbonyl; halophenyicarbamyl- 
oxyalkyl; cycloalkenyl; phenylsulfonyi; substituted phenytalkyl wherein said substituents can be selected 
from halogen or alkyl; dioxyalkylene, halophenoxyalkylamidoalkyl; alkylthiodiazolyl; piperldyl; piperidylal- 
kyl; dioxoianyialkyl, thiazolyl; alkylthiazolyl; benzothlazolyl; halobenzothiazolyl; furyt; alkyi-substituted 
furyl; furylalkyl; pyridyJ; alkylpyridyl; alkyloxazolyl; tetrahydrofuryl-alkyl; 3-cyano, thienyl; alkyl-substltuted 
thlenyl; 4,5-polyalkylene-thienyl; a-haloalkylacetamidophenylalkyl; a-haloalkylacetamidonltrophenylalkyl; 
a-haloalkylacetamidohalophenylalkyl; cyanoalkenyl; 

R n and R 2 when taken together can form a structure consisting of plperldlnyl; alkylpiperidlnyl; pyridyl; 
dl- or tetrahydropyridinyl; aikyltetrahydropyridyl; morpholyl; alkylmorpholyl; azabicyclononyl; diazacycloal- 
kanyl; benzoalkylpyrrolidinyl; oxazolldinyl; perhydrooxazolidinyl; alkyloxazolidyl; furyloxazolidinyl; 
thienyloxazoltdinyl; pyridyloxazolidlnyl; pyrimidinyloxazolidinyl; benzooxazolldinyl; spirocycloal- 
kyloxazolidinyi; alkylaminoalkenyl; alkyl idene-imino; pyrrolldlnyl; piperidonyl; perhydroazepinyl; perhyd- 
roazocinyl; pyrazolyl; dihydropyrazolyl; plperazinyl; perhydro-1,4-diazepinyl; quinolinyl; isoquinolinyl; 
dihydro-, tetra hydro- and perhydroquinolyl- or -isoquinolyl; indolyl and di- and perhydroindolyl and said 
combined and R 2 members substituted with those independent R, and R 2 radicals enumerated above; 
or 

(ii) one of the following compounds 

a-[(Cyanomethoxy)imino]benzeneacetonitri!e, 

a-[(1,3-Dioxolan-2-yl-methoxy)-imino]-benzeneacetonitrile, 

0-[1 ,34)ioxolan-2-ylmethyl]-2,2,2-trffluoromethyl^^loroacetophenone oxime, 

Benzenemethamine, N-[4-(dichloromethylenepi ,3-diotholan-2-y1idene^-methyl, hydrochloride, 

Diphenylmethoxy acetic acid, methyl ester, 

1,8-Naphthalic anhydride, 

4 f 6-Dichloro-2-phenyl-pyrimidine, 

2-Chloro-N-[1-(2 i 4 ( 6-lrimethylphenyl)-ethenyl]acetamide, 

Ethylene glycol acetal of 1,1-dichloroacetone. 

Preferred herbicidal compounds according to Formula I are those wherein n is 3 or 4 and the R3 members 
are halogen, alkoxy and/or alkyl-substituted amino. In particular, the preferred R3 members are halo- 
gen members, preferably chlorine atoms, and/or a alkoxy (preferably methoxy) radical in the 2 position. 
The preferred species are 3,6-dichloro-2-methoxybenzolc acid (common name "dicamba"), 3,5,6-trichloro-2- 
methoxybenzoic acid (common name tricamba"), 2,3,6-trichlorobenzoic acid, 2,3,5,6-tetrachlorobenzoic acid 
and an alkali metal (especially sodium or potassium) salt, or dimethyl- or diethylamine, morpholinyl or 
ammonium salts of those acids. 

Preferred herbicidal compounds according to Formula IV are those wherein the R 7 member is an alkoxyal- 
kyl radical of the structure -(A)-0-B, wherein A and B are linear or branch ed-cha in alkyl residues having a com- 
bined total of up to 8 carbon atoms; or a substituted or unsubstituted C^ 10 heterocyclyi or heterocyclytmethyl 
radical containing from 1 to 4 ring hetero atoms selected independently from N.SorO atoms and the Ra member 
is also one of said heterocyclyf or heteroocyclylmethyl radicals. Some preferred heterocyclic members are sub- 
stituted with alkyl or alkoxy radicals. 

Among the more important heterocyclic R 7 and/or Re members of Formula IV are mentioned independently, 
the furanyl, thienyl, pyrazolyl, pyrrolyl, isoxazolyt, isothiazolyi, triazolyl, imldazolyl, and pyrimldinyl radicals and 
their analogs having a methylene (-CH2-) moiety connecting the heterocyclic radical to the acetamide nitrogen 
atom, e.g., pyrazol-1-ylmethyl. When the heterocyclic radical is attached directly to the amide nitrogen (with 
no intervening methylene moiety), the attachment may be through a ring carbon atom or a ring hetero atom as 
appropriate. 

Other important R 7 and/or Re members include the following: propynyl, alkoxycarbomethy! or -ethyl, 
alkoxyiminoaJkyl, benzyl, hydroxyalkyl, haloalkoxy and -alkoxyalkyl, cyanoalkoxy and -alkoxyalkyl, methyl, 
ethyl, propyl, butyl and their isomers, and the like. 

Among preferred species of Formula IV are mentioned N-{2,4-dimethyithien-3-yi>-N-(1 -methoxyprop-2-yt)- 
2-chloroac tamide, N-(1H-pyi^zol-1-y1methyl)-N-(2,4-dimethylthien-3-yl)-2 and N-(1-pyra- 

zol-1-ylm thyi)-N-(4,6-dimethoxypyrimidirH^yl)-2-chloroacetamide. 

One group of preferred antidotal compounds includes those according to Formula II wherein R is 
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haloalkyi, R, and R 2 are independently alkenyi r haloaik nyl or 2,3-dioxolan-2-yl-methyl and R, and R 2 
when combined form a C4_ 10 saturated r unsaturated heterocyclic ring containing O, S and/or N at ms and 
which may be substituted with C,^ alkyl, haloalkyi, alkoxy, or alkoxyalkyi or haloacyl groups. The preferred 
haloalkyi R member in formula II is dichloromethyl. Preferred species in this group of antidotal compounds are 
N,N-diallyl-dichloroacetamide and N-{2-propenyl)-N-<1 ,3-dioxolanylmethyl)dichloroacetamide. 

Still more preferred antidotal compounds according to Formula II is a group of substituted 1,3-oxazolidinyl 
dichloroacetamide having the formula 



III 




wherein 

R4 is hydogen, alkyl, alkylol, haloalkyi or alkoxy, alkoxyalkyi, a bicyclic hydrocarbon radical hav- 
ing up to 10 carbon atoms, phenyl or a saturated or unsaturated heterocyclic radical having C4_ 10 ring atoms 
and containing O, S and/or N atoms, or said phenyl and heterocyclic radical substituted with one or more 
C iM alkyl, haloalkyi. alkoxy, alkoxyalkyi, halogen or nitro radicals, and 

R6 and R* are independently hydrogen, alkyl or haloalkyi, phenyl or a heterocyclic R4 member or 
together with the carbon atom to which they are attached may form a C3-C7 spirocycloalkyl group. 

Preferred members according to Formula III are those wherein R4 is one of said heterocyclic members and 
Re and Re are independently methyl, trifluoromethyl or when combined with the carbon atom to which attached 
form a C 5 or C 6 cydoalkyl radical. 

Preferred antidotal compounds according to Formula III are the following compounds: 

Oxazolidine, 3-(dichloroacetyl)-2,2,5-trimethyl-, 

Oxazolidine, 3-(dichloroacetyl)-2,2-dimethyl-5-phenyh 

Oxazolidine, 3-(dichloroacetyl)-2,2-dimethyl-5-(2-furanyl)-, 

Oxazolidine, 3-(dichloroacetyl)-2,2-dimethyl-5-<2-thienyl)-, 

Pyridine, 3-[3-(dichloroacetyl)-2,2-dimethyl-5-oxazolidinyl]-, 

4-(dichloroacetyl)-1-oxa-4-azaspiro-(4,5>-decane. 
Another group of dichloroacetamide antidotal compounds according to Formula II are the following com- 
pounds: 

4^Dichloiracetyl)-3,4-dihydro-3^ 

Ethanone, 2,2-dichloi^1-(1,2,3,4-tetra-hydi^1-rnemyl-2-isoquinolinyl)-, 
Cis/trans-piperazine, 1 ,4-bis(dichloroacety0-2,5-dimethyl-, 
r^Dichloroacetyl)-1,2,3,4-tetrahydroquirialdine, 

1.5- Diazacyclononane, 1 ,5-bis-dichloroacetyl, 1 -Azaspiro[4,4]nonane, 1-(dichloroacetyl). 

Still another preferred group of antidotal compounds are the following which have a structure not according 
to Formula II: 

a-[(Cyanomethoxy)imino]benzeneacetonitrile, 

<x-[( 1 , 3-Dioxol an-2-yt-methoxy)imino] benzeneacetonitril e, 

0-[1 ,3-Dioxolaiv2-yliTiethyl]-2,2,2-trifluor^ oxime, 

Benzenemethamine, N-[4-(dichloromethylene>-1,3-ditholan-2-ylidene]-a-methyl, hydrochloride, 

Diphenylmethoxy acetic acid, methyl ester, 

1,8-NaphthaIic anhydride, 

4.6- Dichloro-2-phenyl-pyrimidine, 

2-Chloro-N-{1-(2,4 I 6-trimethylphenyl)ethenyl]-acetamide, and 
Ethylene glycol acetal of 1,1-dichloroacetone. 
The herbicidal and antidotal compounds of Formulae l-IV are known in the art The sub-group of 1 ,3-oxazd i- 
dine dichloroacetamldes of Formula III are the subject of EP 304409 published February 22, 1989. 

The term •haloalkyf" embraces radicals wherein any one or more of the carbon atoms, preferably from 1 
to 4 in number, is substitut d with on or more halo groups, preferably select d from bromo, chl roandfluoro. 
Specifically embraced by the term "haloalkyi" are m nohaJoalkyl, dihaloalkyl and polyhaloalkyl groups. A mono- 
haloalkyl group, for example, may have either a bromo, a chloro, or a fiuoro atom within the group. Dihaloalkyl 
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and polyhaloaJkyl groups may be substituted with tw or more of the same halo groups, or may have a com- 
binati n f differ nt halo groups. A dihaloalkyl group, for example, may have two brom atoms, such as a dib- 
romomethyt group, or two chloro atoms, such as a dichloromethyf group, or one bromo atom and one chloro 
atom, such as a bromocMoromethyt group. Examples of a polyhaloalkyl are perhaloalkyl groups such as trif- 
5 luoromethyl and perfluoroethyl groups. 

Where in Formulae III-IV the halogen attached to the acetyl radical is the chlorine ion, it is contemplated 
that the other halogens, i.e., bromo, iodo or fluoro may be substituted for the chloro. 

Preferred haloalkyl R members of Formula II are dihalomethyl, particularly dichloromethyl, while the pre- 
ferred haJoalkyl member is a tri-halogenated methyl radical, preferably trifluoromethyl. 
10 Where the term "allcyl" is used either alone or in compound form (as in "haloalkyl"), it is intended to embrace 

linear or branched radicals having up to four carbon atoms, the preferred members being methyl and ethyl. 

By "agriculturally-acceptable salts* of the compounds defined by the above formula is meant a salt or salts 
which readily ionize in aqueous media to form a cation of said compounds and a salt anion, which salts have 
no deleterious effect on the antidotal properties of said compounds or of the herbicidal properties of a given 
is herbicide and which permit formulation of the herbicide-antidote composition without undue problems of mixing, 
suspension, stability, applicator equipment use, packaging, etc. 

By "antidotally-effective" is meant the amount of antidote required to reduce the phytotoxicity level or effect 
of a herbicide, preferably by at least 1 0% or 1 5%, but naturally the greater the reduction in herbicidal injury the 
better. 

20 By "herbicidaily-effective" is meant the amount of herbicide required to effect a meaningful injury or des- 

truction to a significant portion of affected undesirable plants or weeds. Although of no hard and fast rule, it is 
desirable from a commercial viewpoint that 80-85% or more of the weeds be destroyed, although commercially 
significant suppression of weed growth can occur at much lower levels, particularly with some very noxious, 
herbicide-resistant plants. 

25 The terms "antidote", "safening agent", "safener", "antagonistic agent", "interferant", "crop protectant" and 

"crop protective", are often-used terms denoting a compound capable of reducing the phytotoxicity of a her- 
bicide to a crop plant or crop seed. The terms "crop protectant" and "crop protective" are sometimes used to 
denote a composition containing as the active ingredients, a herbicide-antidote combination which provides 
protection from competitive weed growth by reducing herbicidal injury to a valuable crop plant while at the same 

30 time controlling or suppressing weed growth occurring in the presence of the crop plant Antidotes protect crop 
plants by interfering with the herbicidal action of a herbicide on the crop plants so as to render the herbicide 
selective to weed plants emerging or growing in the presence of crop plants. 

Herbicides which may be used as co-herbicides with the benzoic acid derivatives of Formula I with benefit 
in combination with an antidote as described herein include, preferably, thiocarbamates (including dithiocar- 

35 bamates), a-haloacetamides, heterocyclyl phenyl ethers (especially phenoxypyrazoies), imldazolinones, pyri- 
dines and sulfonylureas. It is within the purview of this invention that other classes of herbicides, e.g., triazines, 
ureas, diphenyl ethers, nitroanilines, thiazoles, isoxazoles, pyrrol idinones, aromatic and heterocyclic di- and 
triketones, etc., the individual members of which classes may be derivatives having one or more substituents 
selected from a wide variety of radicals may suitably be used as co-herbicides. Such combinations can be used 

40 to obtain selective weed control with low crop injury in several varieties of monocotyledonous crop plants such 
as corn, grain sorghum (milo), and cereals such as wheat, rice, barley, oats, and rye, as well as several varieties 
of dicotyledonous crop plants including oil-seed crops such as soybeans and cotton. Particular utility for the 
antidotal compounds of this invention has been experienced with various herbicides in corn, sorghum and soy- 
beans. 

45 Examples of important thiocarbamate herbicides are the following: 

ds-/trans-2 .3>dichloroallvl-diisoDroDvlthiolcarbamatQ (common name "diallate"); 
Ethyl dipropylthiocarbamate (common name "EPTC"); 

S-ethyl diisobutyl (thiocarbamate) (common name "butylate"); 
S-propyl dipropyl(thiocarbamate) (common name "vemolate"); 
so 2,3,3-trichloroallyl-diisopropylthiolcarbamate (common name "triallate"). 

Examples of important acetamide herbicides are the following: 
2-chIoro-N-isopropylacetanilide (common name "propachlor"); 
2-chloro-1',6'-diethyl-N-(methoxymethy1)-acetaniIide (common name "alachlor"); 
2-chlon>2 r ,6'-diethyl-N-(butoxymethyl)-acetanflide (common name "butachlor"); 
65 2^hloro-N-(ethoxymem^)-6'-ethyl-o-acetotDluidid (common name "acetochlor"); 

ethyl ester of N-chloroacetyl-N-(2,6^diethylphenyl)glycine (common nam "diethatyl ethyi"); 
2-chloro-N-(2,6-dimethylphenyl)-N-(2-methoxyethyl)acetamide (common name "dimethachlor"); 
2-chloro-N-(2-n-propoxyethyl)-2',6'-diethylacetaniIide (common name "pretiiachlor"); 



6 
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2-chloroN-(2-m thoxy-1-methy1ethyl)-6'-ethyi-g-acetotoluidide (common name "metolachlor"); 
2-chl ro-2\6'-dim thyl-N-(1-pyrazol-1-yImethyf)acetanilide (common nam "metazachlor"); 
2-chloro-N-(2,6-dimethyl-1-cycloh xen-1-y!)-N-(1H-pyrazol-1-ylmethyl)acetamide; 

2- chloro-N-isopropyl-1-(3 t 5,5-trimethylcycfohexen-1-yl)acetamide (common name trimexachlor"); 
5 2-Ch!oro-2'^ethyl^'-trifluoromethy!-N-(ethoxymethyl)acetanilide^ 

Examples of important pyridine herbicides include: 

3- pyridinecarboxylic acid, 2-(difluoromethyl)-5-4,5-dihydro-2-thi^^ 
methyl)-, methyl ester; 

3-pyridinecarboxylic acid, 2-(difluoromethyl)-4-(2-methylpropyl)-5-(1 H-pyi^ol-1-ylcart>onyl)-6-(trifluoro- 
10 methyl)-, methyl ester; 

3,5-pyridinedicarboxylic acid, 2-(dffluoromethyl)-4-(2-methylpropyl)-6-trifluoromethyl, dimethyl ester. 
3,5-pyridine dicarbothioic acid, 2-difIuoromethyl)-4-(2-methylpropyl)-6-(trifluoromethyl)-, S,S-dimethyl 

ester. 

Examples of important heterocyclyl phenyl ethers include: 
15 5K^uoromethyl)-4-chloro-3^^ 

5-(trifluoromethyl)-4-ch!oro-3-(3'-mem^ 
5-(trifiuoromethyl)^chloi^3-(3^ 

5-{trifluoromethyl)-4-chloro-3-(3'-methylsulfemoylcarbonyl propoxy-4'-nitrophenoxy)-4-methylpyrazol; 
5-(trifluoromethyl)-4-chloro-3-(3'-propoxyc»rbonylmem 
20 (±^2-[4HI5-(trifluoromethyl)-2-pyridinyl]^xy]phenoxy]propanoi acid (9CI). 

Examples of important sulfonylureas include: 

Benzenesulfonamide, 2-chloro-N-[[(4-methoxy-6-methyl-1,3,5>triazin-2yl)amino]carbonyl]; 
Benzoic acid, 2-Dn(4K;hlorc-6-methoxy-2-pyrimidinyl)amino]c»rDonyl]amino]sulfonyl]-ethyl ester; 

2- Thiophenecarboxylic acid, 3-HH(4,6-dimethoxy-1 ,3,5-triazin-2-yl)amino]carbonylhamino]sulfonyl]-, 
25 methyl ester; 

Benzoic acid, 2-[HI(4,6-dimethyl-2-pyrimidinyl)amino]carbonyl]amino]sulfonyi]-methyi esten 
Benzenesulfonamide, 2-(2^hloroethoxy)-N-[[(4-methoxy-6^ 

Benzoic acid, 2-Dn(4Hrnethoxy-6-methyl-1,3,5-tri^ esten 
Examples of Important imidazolinone herbicides include: 
30 3-Quinolinecarboxylic acid, 2-[4,5-dihydro-4-methyl-4-(1-methylethyl)-6-oxo-1 H-imidazol-2-yl]-; 

3- Pyridinecarboxylic acid, 2-[4,5-dihydro-4-methyl^-(1-methylethyl)-5-oxo-1 H-imidazot-2-yl]-; 
Benzoic Acid, 2-[4,5-dihydro^-memyl^(1-methyletnyl)-5-oxo-1H-imidazol-2-ylH(or 5)-methyl; 
3-pyridinecarboxylic acid, 5-emyl-2-I4-methyM-(1-methylethyl)-5-oxo-1H-imidazol-2-yl]-; 

3- pyridinecarboxylic acid, 2-[4,6-dihydro-4-methyl-4-(1-methylethyl)-5-oxo-1 Hnmidazol-2-yi]-6-methyl- t 
35 ammonium salt; 

2-(5-Methy1-5-trifluoromethy1-1^^ acid; 
2-(5-Methyl-5-trifluoromethyl-1-H-imidazol-4-on-2-yl)5-(m)ethyl isonicotinic acid; 
2-[5-{1 -Fluoroethyl)-5-(m)ethyi-H-imidazol-4-on -2-yi]ison icotin ic acid; 
2-(5-(Dffluoromemyl-5-(m)ethyM-m acid; 
40 2-(6-(1-Ruoroethyl)-5Km)ethyl)-imidazol-4-on-2-yl]isonicotinic (m)ethyl ester; 

Examples of other important herbicides include: 

2-Chloro-4-(ethyl ami no)-6-(isopropylamino)-sy mtriazine; 

4- Amino-6-tertbutyl-3-(methylthio)AS-triazine-5(4H)one; 
Trifluoro-2 f 6-dinitro-N,N-dipropyl-p-toluidine; 

45 Benzeneamine, N-{1-ethytpropyl)-3,4-dimethyl-2 f 6-dinitro-; 

2- Pyrrolidinone, 3-chloro^chloromethyl)-1-[3-(trifluoromethyl)phenyl], trans-; 

3- lsoxazolidinone, 2-[(2-chlorophenyl)methyl]-4.4-dimethyl-; 
2-lmidazolidinone, 3-{5-(1 ,1-dimethylethyl)-3-isoxazolylH-hydroxy-1 -methyl-; 
2^hloro-4-(1-cyano-lHrnethylemylamino)-6-ethylamino-1,3,5-tri 

50 Methyl 5-(2,4-dichlorophenoxy)-2-nitrobenzoate; 

14Carboethoxy)emy1-5-{2-ch!oro^t^ 
Ammonium-DL-homoalanin-4-yl(methyl)-phosphinate; 
2-(3,4^ich!orophenyl)-4-memyM,2,^ 
The herbicides of particular and preferred interest as co-herbicides with the benzoic acid derivatives of For- 
55 mula I in compostti ns with antidotes according to this inv ntion inciud ach of the above-menti n d species 
from different chemical classes of compounds xemplified as important herbicides, particularly those of current 
commercial interest and use and those which may be determined of commercial utility. In the above-mentioned 
EP Applicati n No. 304409. a subgroup of a-chloroacetamides, i.e., a-chloroacetanilides, are the co-herbicidal 
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compounds of preferenc and include the following: 
alachlor, 
acetochlor, 
butachlor, 
5 metolachlor, 
pretilachlor 
metazachlor, and 

2K;hloro-2\6'^lmethyl-N-(2-rnethoxyethyl)-acetanilide. 
All of the above specifically-named herbicides are known in the art 
10 As further detailed infra, while not necessary, the composition containing the herbicide-antidote combi- 

nation may also contain other additaments, e.g., biocides such as insecticides, fungicides, nematocides, miti- 
cides, etc., fertilizers, inert formulation aids, e.g., surfactants, emulsifiers, defoamers, dyes, etc. 

Combinations may be made of any one or more of the described antidote compounds with any one or more 
of the herbicide compounds of Formula I and co-herbicides mentioned herein. 
15 It will be recognized by those skilled in the art that all herbicides have varying degrees of phytotoxicity to 

various plants because of the sensitivity of the plant to the herbicide. Thus, e.g., although certain crops such 
as corn and soybeans have a high level of tolerance (i.e., low sensitivity) to the phytotoxic effect of alachlor, 
other crops, e.g., milo (grain sorghum), rice and wheat, have a low level of tolerance (i.e., high sensitivity) to 
the phytotoxic effects of alachlor. The same type of sensitivity to herbicides as shown by crop plants is also 
20 exhibited by weeds, some of which are very sensitive, others very resistant to the phytotoxic effects of the her- 
bicide. 

When the sensitivity of a crop plant to a herbicide is low, whereas the sensitivity of a weed to that herbicide 
is high, the "selectivity factor" of the herbicide for preferentially injuring the weed while not injuring the crop is 
high. 

25 In an analogous manner, but more complex, an antidotal compound may, and commonly does, have vary- 

ing degrees of crop protective effect against different herbicides in different crops. Accordingly, as will be 
appreciated by those skilled in the art, the various antidotes of this invention, as with all classes of antidotal 
compounds, will have greater or lesser crop safening effects against various herbicides in various crops than 
in others. Thus, while a given antidotal compound may have no crop protective ability against a given herbicide 

30 in a given crop, that same antidotal compound may have a very high crop protective ability against the same 
given herbicide in a different crop or against a different herbicide in the same crop. This is an expected 
phenomenon. 

DETAILED DESCRIPTION OF THE INVENTION 

35 

Antidote Compounds 

As mentioned earlier, the antidotal compounds used in the practice of this invention are known compounds. 
The preferred compounds used herein are the 1,3-oxazolidine dichloroacetamides according to Formula III 
40 wherein the R4 member is a heterocyclic radical. Those compounds are separately disclosed and claimed in 
the assignee's said copending application, Serial No. 07/212,621 and its corresponding EP 304409, published 
February 22, 1989. The synthesis methods of said EP 304409 for said 1,3-oxazolidine dichloroacetamide anti- 
dotes are also disclosed in U.S. Serial No. 07/226,928, an ancestor in the continuity chain of this application, 
and the foregoing documents are hereby incorporated by reference. 

45 

Biological Evaluation 

Effective weed control coupled with low crop injury is a result of treatment of a plant locus with a combination 
of herbicide compound and antidote compound. By application to the "plant locus" is meant application to the 
50 plant growing medium, such as soil, as well as to the seeds, emerging seedlings, roots, stems, leaves, or other 
plant parts. 

The phrase "combination of herbicide compound and antidote compound" embraces various methods of 
treatment For example, the soil of a plant locus may be treated with a "tank-mix" composition containing a mixt- 
ure of the herbicide and the antidote which is "in combination". Or. the soil may be treated with the herbicide 
65 and antid te compounds separately so that the "combination" is made on, or in, the soil. After such treatments 
of the soil with a mixture of herbicid and antidote or by separate or sequential application of the herbicide and 
antidote to the soil, the herbicid and antidote may be mixed into or incorporated into the soil either by mechani- 
cal mixing of the s il with implements or by "watering in" by rainfall or irrigation. The soil of a plant locus may 
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also be treated with antidote by application of the antidote in a dispersibl -concentrate f rm such as a granul . 
The granul may be applied to a furrow which is prepared for receipt of the crop se d and th herbicide may 
be applied to the plant locus either before or after in-furrow placement f the antidote-containing granule so 
that the herbicide and antidote form a "combination". Crop seed may be treated or coated with the antidote 
5 compound either while the crop seed is in-furrow just after seeding or, more commonly, the crop seed may be 
treated or coated with antidote prior to seeding into a furrow. The herbicide may be applied to the soil plant 
locus before or after seeding and a "combination" is made when both herbicide and antidote-coated seed are 
in the soil. Also contemplated as a "combination" is a commercially-convenient association or presentation of 
herbicide and antidote. For example, the herbicide and antidote components in concentrated form may be con- 
to tained in separate containers, but such containers may be presented for sale or sold together as a ■combi- 
nation". Or, the herbicide and antidote components in concentrated form may be in a mixture in a single 
container as a "combination". Either such "combination" may be diluted or mixed with adjuvants suitable for 
soil applications. Another example of a commercially-presented combination is a container of antidote-coated 
crop seed sold, or presented for sale, along with a container of herbicide material. These containers may, or 

15 may not, be physically attached to each other, but nonetheless constitute a "combination of herbicide and anti- 
dote" when intended for use ultimately in the same plant locus. 

In the foregoing description of various modes of application of the herbicide-antidote combinations, it is 
inherent that each form of application requires that in some manner, the herbicide and antidote will physically 
combine to form a "composition" of those agents. 

20 The amount of antidote employed in the methods and compositions of the invention will vary depending 

upon the particular herbicide with which the antidote is employed, the rate of application of the herbicide, the 
particular crop to be protected, and the manner of application to the plant locus. In each instance the amount 
of antidote employed is a safening-effective amount, that is, the amount which reduces, or protects against, 
crop injury that otherwise would result from the presence of the herbicide. The amount of antidote employed 

25 will be less than an amount that will substantially injure the crop plant. 

The antidote can be applied to the crop plant locus in a mixture with the selected herbicide. For example, 
where the crop seed is first planted, a suitable mixture of antidote and herbicide, whether in a homogeneous 
liquid, emulsion, suspension or solid form, can be applied to the surface of, or incorporated in, the soil in which 
the seed has been planted. Or, the herbicide-antidote mixture may be applied to the soil, and then the seed 

30 thereafter "drilled" Into the sofl below the soil layer containing the herbicide-antidote mixture. The herbicide will 
reduce or eliminate the presence of undesirable weed plants. Where the herbicide would by itself injure the 
crop seedlings, the presence of the antidote will reduce or eliminate the injury to the crop seed caused by the 
herbicide. It is not essential that the application of herbicide and the antidote to the plant locus be made using 
the selected herbicide and antidote in the form of a mixture or composition. The herbicide and the antidote may 

35 be applied to the plant locus in a sequential manner. For example, the antidote may be first applied to the plant 
locus and thereafter the herbicide is applied. Or, the herbicide may be first applied to the plant locus and there- 
after the antidote is applied. 

The ratio of herbicide to antidote may vary depending upon the crop to be protected, weed to be inhibited, 
herbicide used, etc.. but normally a herblcide-to-antidote ratio ranging from 1 :25-to-60:1 (preferably 1 :5-to-30:1) 

40 parts by weight may be employed, although much higher rates of antidote may be used, e.g., 1:100-1:300 parts 
by weight of herbicide-to-antidote. As indicated above, the antidote may be applied to the plant locus in a mixt- 
ure, i.e., a mixture of a herbictdally-effective amount of herbicide and a safening-effective amount of an antidote, 
or sequentially, i.e., the plant locus may be treated with an effective amount of the herbicide followed by a treat- 
ment with the antidote or vice versa. In general, effective herbicidai amounts are in the range of about 0.03 to 

45 about 12 kilograms/hectare, but rates as low as 0.004 kg/ha may be used effectively. The preferred range of 
rate of application is from about 0.1 to about 10 kg/ha. Preferably, antidote application rates range from about 
0.5 kg/ha down to about 0.05 kg/ha. It will be appreciated that at times amounts either below or above these 
ranges will be necessary to obtain the best results. The selection of the herbicide to inhibit the emergence and 
growth of weeds depends upon the species of weeds to be controlled and the crop to be protected. 

so The application of the antidote can be made directly to the seed before planting. In this practice, a quantity 

of crop seed is first coated with the antidote. The coated seed is thereafter planted. The herbicide may be 
applied to the soil before or after the coated seed is planted. 

In field applications, the herbicide, antidote, or a mixture thereof, may be applied to the plant locus without 
any adjuvants other than a solvent Usually, the herbicide, antidote, or a mixture thereof, is applied in conjunc- 

55 tionwith n r more adjuvants in liquid or solid f rm. Compositi ns or formulati ns containing mixtures of an 
appropriate h rblcide and antidote usually are prepared by adm being the herbicide and antidote with on or more 
adjuvants such as diluents, solvents, extenders, carriers, conditioning agents, water, wetting agents, dispersing 
agents, or emulsifying agents, or any suitable combination of these adjuvants. These mixtures may be in the 
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form of particulat solids, granules, pellets, w ttable powders, dusts, solutions, aqueous dispersions, or emul- 
sions. 

Application of the herbicide, antidote, or mixture thereof, can be carried out by conventional techniques 
utilizing, for example, hand-carried or tractor-mounted spreaders, power dusters, boom and hand sprayers, 
5 spray dusters, and granular applicators. If desired, application of the compositions of the invention to plants 
can be accomplished by incorporating the compositions in the soil or other media. 

The following examples describe preparation of exemplary formulations of herbicide and antidote and mixt- 
ures thereof. 

w Example 1 

An emulsifiable concentrate type formulation containing acetochlor was prepared containing the following 
components: 



Acetochlor (93.1% technical) 
Epoxy soybean oil 

Witco C-5438 emulsifier (blend of 
20 anionic/ non-ionic emulsif iers in 

ethylene glycol) ; 

Witco Chemical Co, , New York, N.Y. 
25 Orchex 796 (a spray oil filter) 

GE AG-78 antifoaming agent (poly- 

siloxane); General Electric Co., 

Wat er ford , N.Y. 
30 Methyl violet dye; Dye Specialties 

Co., Jersey city, N.J. 

These components were mixed together at room temperature until a uniform blend was obtained. The for- 
35 mulation had a specific gravity of 1.1101 observed at 20°C and calculated against water at 15.6°C. f and had 
a flash point above 200°C (tag closed-cup method). The formulation showed fair emulsion bloom at water hard- 
ness concentrations of 114 ppm, 342 ppm and 1000 ppm. The emulsions had 1 ml cream after one hour at 
each water hardness concentration. The formulation was a purple viscous liquid and contained 87.13% by 
weight of acetochlor. 

40 

Example 2 



% fry Wt- 

87.13 
0.91 



9.00 
2.93 



0.02 
0.01 



An emulsifiable concentrate formulation containing 4-(dichloroacetyl) 1-oxa-4-azaspiro (4,5) decane, hav- 
ing the common name "AD-67* as the antidote compound was prepared for use in various tests. AD-67 is also 
45 named oxazolidine, 3Kdichloroacetyl)-2,2-spirocyclohexyl-. The formulation contained the following Ingred- 
ients: 



* fry wt t 

60 AD-67 (93.5% tech) 11.44 

Sterox NJ 0.77 
FIOMO 54C 5#96 
FLOMO 50H emulsif ier 3.27 
Monochlor benzene 78.55 



These components wer mixed together at room temperature until a uniform blend was obtained. The for- 
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mulati n had a specific gravity of 1.1 222 observed at 20° C calculated against water at 15.6°C, as lution point 
f <0°C, and a flash point I ss than 32°C. Th formulation showed good bloom at a concentration in water of 
1000 ppm, and perfect bloom at 100 and 342 ppm. Emulsions containing 5% of th formulation were observed 
one hour after preparation as having a trace cream layer at 114 ppm, and 2 ml layer at 342 ppm and at 1000 
5 ppm water-hardness concentrations. 

Example 3 

An emulsifiable concentrate formulation containing oxazolidine, 3-(dichloroacetyl)-2 l 2-dimethyl-(5-fura- 
10 nyl)-, was prepared for use in field tests as described later herein. This EC contained the following ingredients: 



Active ingredient (the above 
is compound) 

Monachlorobenzene 

witconate P 1220 

Witconol CO-360 
20 Witconol NP-330 

The above formulation had a specific gravity of 1.1220 at 20°C calculated against water at 15.6°C and a 
flash point of 37.8°C (100°F). The formulation exhibited poor bloom in water at concentrations of 1 14, 342 and 
25 1000 ppm. Emulsions containing 5% of this formulation exhibited a 1 ml layer at the 114 and 342 ppm concen- 
trations and a 10 mi layer at the 1000 ppm concentration. 

Example 4 

30 Commercially-available formulations of two other herbicides were used in tests herein. An aiachlor formu- 

lation contained 45.1% by wt of active ingredient and 54.9% by wt. of inerts. A formulation of dicamba con- 
taining 60.2% by wt of active ingredient and 39.8% by wt. of inerts was used in the tests of Examples 6-9 below. 

Where not expressly stated in the tables of data herein, it is to be understood that all application rates of 
herbicides and antidotes are to be read in kg/ha. 

35 

Example 5 

Formulations as prepared above for testing to determine the comparative effects of herbicide alone, her- 
bicide and antidote in combination, and antidote alone. The herbicide and/or antidote formulations were applied 

40 by tank-mix spraying. For the formulations used in Examples 6-8, a tractor-mounted tank was used. For the 
herbicide formulations containing no antidote, an appropriate amount of a water-soluble salt (dicamba) or emul- 
sifiable concentrate (EC) was added directly to a tank containing the appropriate amount of water. For the anti- 
dote-containing tank-mix formulations, the antidote in emulsifiable form was added to a water-containing tank. 
Then for the herbicide + antidote formulation, antidote emulsifable concentrate was added to a tank containing 

45 one or more herbicides and an appropriate amount of water. Each tank-mix formulation was agitated sufficiently 
to ensure a uniform suspension. The relative amounts of water, herbicide soluble salt, emulsifiable concentrate, 
or antidote, added to the tank were calculated for each formulation based upon a formulation spraying rate of 
281 1/ha (30 gal/acre) for tractor spraying and 187 1/ha (20 gal/ac) for backpack spraying in order to achieve 
various field application rates of herbicide and antidote, as appropriate, for the rates shown in Tables MV. Each 

so formulation was sprayed on three replicate plots, with a small-plot tractor-mounted sprayer with a 3 meter (10 
ft) boom delivering 281 1/ha (30 gal/ac) at 2 atm pressure (30 psi), or a back-pack sprayer delivering 187 1/ha 
(20 gal/ac). The treatments were made to the surface of the topsoil or, in some cases, incorporated to a depth 
of about 5-10 cm (2-4 in.) and were selected in a random manner in order to normalize variations in plot soil 
conditions. 

55 Three control plots w re establish d which were n t treated with herbicide r antidote formulations. 

Evaluations of safening activity f th antid tal compounds wer cam* d out using th procedures des- 
cribed in Examples 6-9 bel w. Evaluations of biological respons as reported in Tables l-V were made by visual 
comparison of crop and w d plants treated with and without herbicid and/or antidotes. Values were assigned 



% feY. wt, 

10.77 
79.23 
4.19 
5.45 
0.36 
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to this visual comparison in terms of percent injury or inhibition to the plants. In Tables l-IVA th data shown 
are for the herbicid s al ne or mixtures thereof with other herbicides and/or antidotes. 

The degree of reduction of herbicide injury provided by an antidote compound is indicated by the magnitude 
of the difference between plant injury without the safener and plant injury with the safener. From these plant 
5 injury values, one can evaluate the "safening effect" provided by the antidote. The safening effect is determined 
by dividing the percentage difference between herbicidat injury without the antidote and the injury with the anti- 
dote present by the percent injury without the antidote multiplied by 100. 



Example 6 



10 



This example describes a field test in Janevflle, Wisconsin in which were used emulsifiable concentrates 
of two herbicides (alachlor and acetochlor) and the antidotal compound AD-67, while another herbicide, 
dicamba, was formulated as a water-soluble salt. Combinations of these formulations were used wherein the 
herbicides were tested separately and in mixtures thereof without the antidote and formulations of those her- 
15 bicides with the antidote. 

The above formulations were applied in both surface application (PRE) and preplant incorporated (PPI) 
modes in side-by-side rows in a plot size of 4.25m 2 (150 ft 2 ) to determine their relative inhibition of grassy (nar- 
row leaf) and broadleaf plants. Four rows of DeKalb com were seeded at a depth of about 1 to 2 inches (2.54- 
5.08 cm) in silt loam soil having an organic matter content of 4.1%. The test plots were sprayed with a tractor 
20 as described in Example 5. 

Field conditions at time of treatment 
Wind speed: 9.7 km/hr (6 mph) 

Air temperature: 21 .1 °C (70°F) 

Soil temperature: 16.1 °C (61 °F) 

25 Relative humidity: 29% 

Soil condition: Dry surface; moisture at 3.8 cm (1 .5 in.) 

Evaluations of herbicidal activity were made 21 days after treatment (DAT). Results are shown in Tables 

I (PPI treatment) and IA (surface application treatment) in which the following symbols are used: 

Test Formulation: 
30 I Alachlor EC 

II Acetochlor EC 

III Dicamba Sol. Salt 

IV AD-67 EC 
Test Plants 

35 C Corn 

GF Giant foxtail - Setaria viridis 
VL Velvetleaf - Abutilon theophrasti 
RP Redroot pigweed - Amaranthus 
retroflexus 

40 



45 



50 



55 
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Formu- 
lation 
check 
I 
II 
ill 



Rate 1 
(Kg/Ha) 

2.8 

2.24 

0,56 



Table I 

% Inhibition - 21 DAT 
(Ay/a. 3 T-«* P ft) 



0 
0 

0 
3 



0 
92 
88 
75 



o 

63 
90 
82 



0 
98 
100 
96 



I 

III 



2.8 
0.56 



93 



97 



100 



III 
II 



0.56 
2.24 



22 



98 



98 



100 



I 
IV 



2.8 
0.28 



87 



80 



67 



III 
IV 



0.56 
0.056 



88 



89 



95 



II 
IV 



2*24 0 
0.34 



93 



88 



95 



III 
IV 
I 



0.56 
0.28 
2.8 



15 



95 



100 



100 



III 
II 
IV 



0.56 
2.24 
0.28 



100 



99 



100 



1 PPI application 
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Table TA 

% Inhibition -21 DAT 
Formu- Rate 2 (Aver. 3 renO 

latjon fyq/fta) c gf vl rp 

check - o o o o 

1 2.8 0 75 0 100 

11 2.24 0 85 58 98 

III 0.56 0 67 95 95 

1 2.8 0 67 77 100 

III 0.56 

III 0-56 0 98 100 100 
II 2.25 

1 2.8 0 87 0 82 

IV 0.28 

111 0-56 0 75 90 100 

IV 0.056 

11 2.24 0 88 25 93 

IV 0.34 

III 0.56 0 92 89 100 

IV 0.28 
I 2.8 

III 0.56 0 96 97 97 

II 2.24 

IV 0.28 



2 Surface application 

An important point to note in Table I is the reduction in corn injury by the combination of dicamba (III) and 
acetochlor (II) herbicides from 22% to 0 when 0.28 kg/ha of AD-67 (IV) antidote is added, with no reduction in 
control of the weed species. 

Example 7 

In an ther field test at a test site in Hancock, Wisconsin, the above formulations were evaluated for th ir 
biological performance against th broadleaved plants comm n ragw ed (Ambrosia artemisirfolla) and com- 
mon lambs quarters (Chenopodium album) in the presence of com. 

The g n ral test procedure and plot size described in Example 6 was followed with certain modifications. 

14 
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In this test the corn was of th variety PI-3475; s eding depth for the PPI and surface application tests was 2 
in. (5.08 cm); soil t xtur was sandy and having an rganic matter content of 1.0%. The test f rmulati nswere 
applied with a tractor-mount d sprayer at a rate of 281 1/ha (30 gal/ac). 

Field conditions for this test at treatment 
Wind speed: 16.1 km/hr (10 mph) 

Air temperature: 21 . 1 °C (70°F) 

Soil temperature: 16.7°C (62°F) 

Relative humidity: 46% 
Soil condition: moist 
Irrigation: sprinkler 

Results of the test in this example are shown in Tables II (PPI treatment) and IIA (surface application). The 
formulation symbols used in Example 44 are used in these tables. The weed symbols are CR for Common rag- 
weed and CL for Common iambsquarters; again C represents com. 
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Tftfcle J.J 

% Inhibition rAvq. 3 ren^ 

Formu- Rate 1 c CL CR 

lation (Eq/Pa) f?l PAT) (22 DAT) (22 DAT! 

check 0 0 0 

1 2.8 10 88 62 

HI 0.56 17 82 67 

II 2.24 22 80 88 

I 2.8 8 93 80 

III 0.56 

HI 0.56 33 93 92 

II 2.24 

I 2.8 0 87 17 

IV 0.28 

III 0.56 0 42 73 
IV 0.056 

II 2.24 0 88 85 

IV 0.34 

HI 0.56 0 92 92 

IV 0.28 
I 2.8 

III 0.56 10 95 88 

II 2.24 

IV 0.28 



PPI Treatment 
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10 



Formu- 
lation 
check 
I 

III 
II 



Rate* 
(Kg/Ha) 

2.8 

0.56 

2.24 



Tafrle lift 

% Inhibition (Ava. 3 repsl 



C 

(21 PAT) 
0 
0 

42 
20 



CL 
(22 DAT) 
0 
93 
90 
100 



CR 
(22 DAT) 

0 
77 
93 
98 



15 



I 

III 



2.8 
0.56 



50 



100 



100 



20 



III 
II 



0.56 
2.24 



50 



100 



100 



25 



30 



I 

IV 

III 

IV 

II 

IV 



2.8 
0.28 

0.56 
0.056 

2.24 
0.34 



20 



95 



95 



100 



70 



92 



100 



35 



III 
IV 
I 



0.56 
0.28 
2.8 



12 



100 



97 



40 



45 



III 
II 

IV 



0.56 38 

2.24 

0.28 

Surface application 



100 



100 



Noteworthy results are particularly shown in Table II where dicamba injury to com is reduced from 17% to 
so 0% when AD-67 is present in as little as 0.056 kg/ha (0.05 lb/ac). Another significant reduction in com injury 
is shown where the herbicida! combination of dicamba and acetochl or caused 33% injury without the safener, 
but when 0.28 kg/ha (0.25 lb/ac) AD-67 was added, com injury was reduced to 10%, well within acceptable 
range of 15% maximum injury. 

55 Example 8 

Still another field test was conducted with the above formulations at a site in Stratf rd, Wisconsin to deter- 
mine the biological response of those formulati ns against green foxtail (GF) in th pres nee of com under yet 
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other test conditions. This test was parallel in procedure to the surfac application test described in Example 

6 using a tractor to apply the formulations to the soil. Again, the plot siz was 4.25 m 2 (150 ft 2 ) and h re the 

soil texture was a loamy clay having an organic matter content of 3%. 
Field conditions for the test at treatment 
5 Wind speed: 19 km/hr (12 mph) 

Air temperature: 7.8°C (46°F) 

Soil temperature: 12.2°C (54°F) 

Relative humitidy: 58% 

Soil condition: Wet; rained preceding night 

10 Irrigation: None 

Test results are shown in Table III. 

In this test, corn stand counts were made based on the number of plants per 4.9 m (1 6 ft), i.e., w Plts/4.9m" 
in the table. 
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Tabx? Ill 

% Inhibition 
(Avg. 3 reps) 

Corn (21 PAT* 

Formu- Rate 2 Plts/4.9m Green 

JJItiSI! IKaZH&l (?1 P*T) Socn Foxtail 

check - 17 0 0 

I 2.8 16 4 85 

III 0.56 ^18 0 8 

II 2.24 13 6 88 

I 2.8 17 7 93 

III 0.56 

III 0.56 11 5 93 

II 2.24 

I 2.8 15 0 90 

IV 0.28 

HI 0.56 13 0 42 

IV 0.056 

II 2.24 19 9 97 

IV 0.34 

HI 0.56 17 3 90 

IV 0.28 

I 2.8 

III 0.56 19 5 87 

II 2.24 

IV 0.28 



2 Surface application 

The salient point to note in the data of Table lil is that the herbicidal combination of dicamba and acetochlor 
resulted in a corn stand count of only 1 1 plan ts/4.9m f but the addition of a small amount (0.28 kg/ha) of AD-67 
resulted in an improved stand count of 19 com plants/4.9m, a decided advantage from an agronomic standpoint. 

Example 9 

This example describes a field test conducted at Troy, Missouri to determine the biological response of 

19 
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corn and velvetieaf wh ntr ated with the ab ve herbicidal formulations without and with tw safeners, viz., 

AD-67 and oxaz lidine, 3-(d[chloroacetyl)-2,2-dimethyl-(5-furanyl)- f which latter compound will be designated 

as formulation V in Table IV A. 

In this test the corn variety 3320 and velvetieaf were treated under PPI conditions, the seed being incor- 
5 porated into the soil at a depth of 3.81 cm (1.5 in.). The various formulations were applied from a back-pack 

sprayer at a rate of 187 l/ha (20 gal/ac). 
Field conditions at time of treatment: 

Wind speed: 4.8 km/ha (3 mph) 

Air temperature: 28.9°C (84°F) 

10 Soil temperature: 23.9°C (75°F) 

Relative humidity: 60-65% 

Soil condition: dry, with moisture at 5.08 cm (2 in.) 

The formulation symbols used in the preceding examples will be used in this example together with the 
added antidote formulation V. The composition of the acetochlor formulation II was modified to comprise the 
15 following composition: 



Wtt % 

Acetochlor (96%) 89.35 
20 Witco C-5438 10.61 

Silicone defoamer 0.02 
Methyl violet dye 0.17 

25 

The test results from this Example 9 are shown in Table IV, which indudes data for the AD-67 antidote, 
and in Table IV A, which includes data for the antidotal formulation V. 
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Formu- 
lation 
check 

II 
III 
III 



Rate 1 
fSq/Ha.) 

2.24 
0,56 
1.12 



% Inhibition fAvq. 3 reos^ 



Com 
DAT 
12 34 



0 
38 
10 
32 



0 
18 

0 
18 



Velvetleaf 

DAT 
12 3A 



0 

100 
85 
95 



0 

100 
73 
93 



III 
II 



0.56 
2.24 



35 



30 



98 



100 



III 
II 



1.12 
2.24 



60 



60 



100 



100 



IV 

IV 
II 



0.22 

0.11 
2.24 



10 



13 
100 



30 
100 



IV 
II 



0.22 
2.24 



12 



100 



98 



IV 
III 



0.22 
0.56 



92 



88 



rv 

III 



0.11 
1.12 



13 



10 



93 



90 



IV 
III 



PPI 



0.22 
0.56 



95 



88 
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10 



Formu- 
lation 
IV 

III 



Rate 1 

0.22 
1.12 



lafel IV ( continued 1 

% Inhibition fAvq. 3 rensl 

c °r n Velvet^eaf 

DAT DAT 

A2 M 12 31 



13 



8 



97 



90 



15 



IV 

III 
II 



0.11 
0.56 
2.24 



13 



10 



98 



100 



20 



IV 
III 
II 



0.22 
0.56 
2.24 



13 



13 



100 



100 



25 



IV 
III 
II 



0.11 
1.12 
2.0 



43 



25 



67 



50 



30 



35 



IV 

III 
II 



PPI 



0.22 
1.12 
2.24 



50 



58 



100 



100 



40 



45 



Reference to the data in Table IV shows that corn injury by 1.12 kg/ha of dicamba (III) of 32% and 18% at 
the 19 and 34 DAT observations, respectively, was reduced to 13% and 10% v respectively, when 0.11 kg/ha 
of AD-67 (IV) was added to the dicamba formulation, without reduction of injury to velvetleaf. A similar reduction 
In com injury occurred when 0.22 kg/ha of AD-67 was mixed with the same rate of dicamba. When the dicamba 
rate was reduced from 1.12 kg/ha to 0.56 kg/ha, corn injury was even more reduced by antidotal action of AD-67 
at 0.22 kg/ha without significant reduction in weed control at either 19 or 34 DAT. 

Similarly the data in Table IV shows that the herbicidal combination of dicamba and acetoch lor caused 60% 
injury to com at both the 19 and 34 DAT observations. When 0.11 kg/ha of AD-67 added to the 
dicamba/acetochlor combination (at the same rates) com injury was reduced to 43% and 25%, respectively, 
at 1 9 and 34 DAT readings. 
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Formu- 
lation 
check 
II 

ill 

III 



V 

II 



Rate 1 
(Eg/Hp) 

2.24 

0.56 

1.12 

0.22 

0.11 
2.24 



% Inhibits op fAva. 3 repel 



-Pom 
DAT 
AS 34 



0 
38 

10 

32 

0 

12 



0 
18 



18 



Velvetleaf 
DAT 

12 2A 

0 0 
100 100 



85 



95 



40 
100 



73 
93 
25 
100 



PPI 
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Table IVA rcontimiari) 

% Inhibition (Ava. 3 repp) 
Velvetleaf 

Fonnu- Rate 1 DAT DAT 

latipn fKg/Ha) 12 34 i9 21 

V 0.22 12 0 100 98 
II 2.24 

V 0.11 8 3 98 90 
III 0.56 

V 0.11 12 10 100 93 
III 1.12 

V 0.22 13 5 95 88 
III 0.56 

v 0.22 8 5 98 95 

III 1.12 

V 0.11 20 13 100 100 
III 0.56 

II 2.24 

V 0.22 10 8 100 100 
III 0.56 

II 2.24 

V 0.11 32 15 100 100 
III 1.12 

II 2.24 

V 0.22 23 20 100 100 
III 1.12 

II 2.24 



1 PPI 

A number of salient features are apparent from the data in Table IV A. For example, the addition of 0.11 
kg/ha of antidote V to 2.24 kg/ha of acetochlor (II) reduced com injury from 38% to 12% after 1 9 days and from 
18% to 5% 34 DAT. Similarly, injury to corn by 1.12 kg/ha dicamba (III) was reduced from 32% to 8% at 19 
DAT and from 1 8% t 5% at 34 DAT, whil slightly increasing the degre of injury to v Iv tJeaf. in like mann r, 
the herbicidal combination of dicamba and acetochlor (0.56:2.24 kg/ha ratio) caused 35% injury to com 19 DAT 
and 30% at 34 DAT. The addition of merely 0.1 1 kg/ha reduced those corn injuries to 20% and 13% respectively 
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at 19 and 34 DAT, while maintaining c mpl te control of velv tieaf. Ev n when the dicamba rat is increased 
to 1.12 kg/ha, resulting (in combination with 2.24 kg/ha acetochl r) in 60% injury t com at both observation 
dates, the sam low concen trati n of 0. 1 1 kg/ha of antidotal formulation V reduced corn injury to 32% and 1 5% 
at the 19 and 34 DAT readings without reducing weed injury. 

Other evaluations of safening activity of a wide variety of representative antidote compounds of this inven- 
tion were carried out using the specific procedures of Examples 10-15 below in greenhouse testing. Measure- 
ments of biological response as reported in Tables V-X were made in the following manner. A visual comparison 
was made between a crop plant treated with a herbicide alone and crop plant having no herbicide or antidote 
treatment A number was assigned to this visual comparison indicating the percent injury or inhibition to the 
herbicide-alone treated crop plant (column "WO" in Table V indicating herbicide "without" antidote). Also, a 
visual comparison was made between the crop plant treated with herbicide + antidote combination and the crop 
plant having no herbicide or antidote treatment A number was assigned to this visual comparison indicating 
the percent injury or inhibition to the herbicide + antidote treated crop plant (column "W" in Table V indicating 
herbicide "with" antidote). Observations of response by the weed species to herbicide or herbicide + antidote 
were similarly recorded. The degree of reduction of herbicide injury provided by an antidote compound is indi- 
cated by the magnitude that the plant inhibition number of column "WO" exceeds the corresponding number 
of column "W". Also reported in Table V are data in parenthesis showing "safening effect" (defined below) for 
the herbicide + antidote combinations calculated from the plant inhibition numbers. These tables show crop or 
weed column headings under which there are no data. The lack of such data is not an indication of a foiled 
test; rather it is merely an indication that the particular herbicide + antidote rate combination was not tested 
with that crop or weed. Listed below are the names of the antidotal compounds for which data reported in Tables 
V-XJI. 



Nomenclature 
ACET AMIDE , N , N-BIS ( 2 -PROPENYL) -ALPHA , 
ALPHA-DICHLORO- 

-PARA CHLOROPHENYLTHIO-ACETONITRILE 
PIPERAZINE, 1, 4-BIS (DICHLOROACETYL) — , 
BENZENEMETHANAMINE, N-<4- (DICHLORO- 
METHYLENE) -1 , 3— DITHIOLAN-l—YLIDENE>- 
ALPHA-METHYL- , HYDROCHLORIDE 
1H, 3 H-NAPHTHO ( 1 , 8-cd) PYRAN-1 , 3-DIONE 
PHOSPHONIC ACID, [ ALPHA- (DI CHLOROAC ET- 
AMIDO) METHYL] D I PHENYL ESTER, 
CIS/TRANS-PIPERAZINE, 1,4 -BIS ( DICHLORO- 
ACETYL) -2 , 5 -DIMETHYL- , 

PIPERAZINE, 1, 4-BIS (DICHLOROACETYL) - 
2 , 6 -DIMETHYL- , 

5-THIAZOLECARBOXYLIC ACID, 2-CHLORO-4- 
(TRIPLUOROMETHYL) - , 
( PHENYLMETHYL ) ESTER 



Antidote W? , 
1 

2 
3 
4 

5 
6 

7 

8 

9 
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5-THIAZOLECARBOXYLIC ACID, 2-CHLORO-2 
CHLORETHYIi ESTER, 4- (TRIFLUOROMETHYL) 
OXAZOLIDINE, 3- (DICHLOROACETYL) -2,2,5- 
TRIMETHYL- , 

BENZENEACETONITRILE, ALPHA [ (CYANO- 
METHOXY) XMINO] - 

OXAZOLIDINE, 3- (DICHLOROACETYL) -2 , 2- 
DIMETHYL— 5— PHENYL) — , 

5-OXAZOLECARBOXYLIC ACID, 2-[(l,l- 
DIMETHYLETHYL) AMINO] -4- (TRIFLUORO- 
KETHYL) — , ETHYL ESTER 
ACETIC ACID, (DIPHENYLMETHOXY)-, 
METHYL ESTER 

5-THIAZOLECARBOTHIOIC ACID, 2-CHLORO- 
4- ( TRI FLUOROMETHYL ) — S— ( PHENYLMETHYL) 
ESTER 

ACETAMIDE, 2 , 2-DICHLORO-N- [ 3 , 5-BIS- 
( TRI FLUOROMETHYL ) PHENYL] - 
QUINOLINE , 1- (DICHLOROACETYL) -1,2, 3,4- 
TETRAH YDRO- 2 -METHYL- 
ISOQUINOLINE, 2- (DICHLOROACETYL) - 
1,2,3, 4 — TETRAHYDRO- 

QUINOLINE, 1- (DICHLOROACETYL) -1,2, 3,4- 
TETRAHYDRO- 

QUINOLINE , 1- (DICHLOROACETYL) -1,2 -DI- 
HYDRO-2 , 2 , 4 -TRIMETHYL— 

ACETAMIDE , 2 , 2-DICHLORO-N- [ 2-NITRO-4- 
( TRI FLUOROMETHYL) PHENYL] - 
ACETAMIDE, 2 , 2-DICHLORO-N- ( 3 -FLUORO- 
PHENYL) - 

ACETAMIDE, 2 , 2-DICHLORO-N- (2 , 5-DI- 
FLUOROPHENYL) - 

1 , 4-DIOXA-8-AZASPIRO- (4 , 5) — DECANE , 
8- (DICHLOROACETYL) - 

THIAZOLIDINE, 3- (DICHLOROACETYL) - 
ACETAMIDE, N— [ (1, 1 1 — BIPHENYL) — 2— YL] — 
2,2-DICHLORO- 
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28 ACETAMIDE, 2 , 2-DICHLORO-N-{2-{2-[ (DI- 
CHLOROACETYL) AMINO] PHENYL} PHENYL} - 

29 BENZENEACETONITRILE, ALPHA- { [ (1,3-DI- 
OXOLAN— 2 - YL) METHOXY ] IMINO}-, 
(AVAILABLE ONLY AS CONCEP II (TM) 
SORGHUM SEED) 

10 30 l-AZASPIRO(4,4)NONAME, 1-BROMOCHLORO- 

ACETYL- 

ACETAMIDE, 2 , 2-DICHLORO-N- [ ( 3 -METHOXY - 
PHENYL) METHYL] -N- (2-PROPENYL) - 
l-OXA-4-AZASPIRO(4.5)DECANE, 4-(DI- 
CHLOROACETYL) - 

33 l f 5-DIAZACYCLONONANE, 1,5-BIS(DI- 

CHLORO ACETYL) - 

ACETAMIDE, N- ( 1 , 1 • -B I PHENYL) -3-YL-2 , 2- 
DICHLORO- 

ACETAMIDE, 2-CHLORO-N- [ 1- (2 , 6-DICHLORO- 
PHENYL) ETHENYL] - 

36 l-AZASPIRO(4.4)NONANE, 1- (DI CHLORO- 

ACETYL) - 

ACETAMIDE , 2 , 2-DICHLORO-N- (1, 3 -DIOXO- 
LAN-2-YLMETHYL) -N-2 -PROPENYL- 
1-0XA-4 -AZASPIRO (4.5) DECANE , 4 -BROMO- 
CHLOROACETYL- 

35 39 l-AZASPIRO(4.5)DECANE, 1-BROMOCHLORO- 

ACETYL- 

40 OXAZOLIDINE, 3- (DICHLOROACETYL) -2 , 2- 
^ DIMETHYL- 5- (2-THIENYL) - 

41 ACETAMIDE, 2 , 2-DIBROMO-N,N-DI-2- 
PROPENYL- 

42 ACETAMIDE, N,N-BIS[ ( 3 -BUTYNYLOXY ) - 
45 METHYL] -2,2 -DICHLORO- 

43 ACETAMIDE, N,N-BIS[ (3— PENTYNYLOXY) — 
METHYL] -2-CHLORO- 

44 ACETAMIDE, 2 , 2-DICHLORO-N, N-BIS[ (3- 
^ PENTYNYLOXY ) METHYL ] - 

45 ETHANONE, 2 , 2-DICHLORO-l-(l, 2 , 3 , 4- 
TETRAHYDRO-l-METHYL-2-ISOQUINOLINYL) - 
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1,3-DIOXOLANE, 2- (DICHLOROMETHYL) -2- 
METHYL- 

ISOQUINOLINE, 2- (DICHLOROACETYL) - 
1,2,3,4 —TETRAH YDRO- 1 — PROP YL— 
1H-ISOINDOLE, 2- (DICHLOROACETYL) -2 , 3- 
DIHYDRO- 

ISOQUINOLINE , 2- (DICHLOROACETYL) - 
1 , 2 , 3 , 4 -TETRAHYDRO-1- ( 1-METHYLETHYL) - 
ACETAMIDE, 2-CHLORO-N- [ 1- ( 2 , 4 , 6-TRI- 
METHYLPHENYL) ETHENYL] - 

ACET AMIDE, 2 , 2-DICHLORO-N- [ 1- (2 # 4 , 6- 
TRIMETH YLPHEN YL ) ETHENYL] - 
ACETAMIDE, 2 , 2-DICHLORO-N-ETHYL-N- 
(METHOXYMETHYL) - 

ACETAMIDE, 2 , 2-DICHLORO-N-2-PROPENYL- 
N- [ 3 - (TRIFLUOROMETHYL) PHENYL] - 
ACETAMIDE, N, N- -1 , 2-ETHANEDIYLBIS (2 , 2- 
DICHLORO-N- ( 2 -METHYL- 1 -PROPEN YL ) ] - 
5 -DI CHLOROACET YL- 3 , 3 , 6-TRIMETHYL-9- 
OXO-l,5-DIAZABICYCLO [4 . 3 . OJNONANE 
QUINOXALINE , 1,4 -BIS (DICHLOROACETYL) - 
1,2,3, 4 -TETRAH YDRO- 

lH-l,4-DIAZONINE, 1, 4 -BIS (DICHLORO- 
ACETYL) OCTAHYDRO- 

1H-1 , 5-DIAZONINE , 1 , 5-BIS (BROMOCHLORO- 
ACETYL) OCTAHYDRO- 

1H-1 , 5-DIAZONINE, 1 , 5-BIS (DIBROMO- 
ACETYL) OCTAHYDRO- 

1H-1, 5-DIAZONINE, 1 , 5-BIS (DICHLORO- 
ACETYL) OCTAHYDRO-3 -METHYL— 
1H-1, 5-DIAZONINE, 1 , 5-BIS (DICHLORO- 
ACETYL) OCTAHYDRO-2 -METHYL- 
7-AZASPIRO(4,5)DECANE, 7- (DICHLORO- 
ACETYL) -8 , 8 -DIMETHYL- 

QUINOXLAINE, 1, 4 -BIS (DICHLOROACETYL) - 
1,2,3, 4-TETRAHYDRO-2-METHYL- 



28 



EP 0 480 902 A1 



65 



64 ISOQUINOLINE, 2- (DICHLOROACETYL) - 

1,2,3, 4 -TETRAHYDRO- 1 - (TRIFLUOROMETHYL) - 
ACETAMIDE, 2 , 2— DICHLORO— N— ETHYL— N— (2— 
PHENYLETHYL) - 

66 ACETAMIDE, 2 , 2-DICHLORO-N- (ETHOXY- 
METHYL) -N- ( 2 -PHENYLETHYL) - 

67 ISOQUINOLINE, 2- (DICHLOROACETYL) - 
1,2,3, 4 -TETRAHYDRO - 1 , 3 -DIMETHYL— 
ISOQUINOLINE, 2- (DICHLOROACETYL) -1- 
ETHYL-1 ,2,3, 4 -TETRAHYDRO- 3 —METHYL— 
ISOQUINOLINE , 2 - ( DICHLOROACETYL) - 
1,2,3,4 -TETRAHYDRO- 1 , 7— DIMETHYL— 
1 , 5-DIAZOCINE , 1 , 5-BIS (DICHLORO- 
ACETYL) -OCTAHYDRO- 

PIPERA 2 INE , 1 , 4-BIS (DICHLOROACETYL) - 
2 -METHYL— 5- (1-METHYLETHYL) -, (2S,5R- 
TRANS) - 

PIPERAZINE, l,4-[BIS(DICHLOROACETYL)]- 
2 —PHENYL— 

OXAZOLIDINE, 3- (DICHLOROACETYL) -5- (3- 
FURANYL) -2 , 2 -DIMETHYL— . 

OXAZOLIDINE, 3- (DICHLOROACETYL) -5- (2- 
FURANYL) -2 , 2 —DIMETHYL— 

PYRIDINE, 3- [3- (DICHLOROACETYL) -2,2- 
DIMETHYL-5-OXAZOLIDINYL] - 

76 PROPANAMIDE , N- [ 5-BROMO-4- (2 , 2 , 3 , 3 , 3- 
PENTAFLUORO ETHYL ) -2-THIAZOLYL] -2,2- 
DICHLORO- 

77 PROPANENITRILE , 2 — { [4— (1, 1— DIMETHYL- 
ETHYL) PHENYL] THIO} - 

78 4- (DICHLOROACETYL) -3 , 4-DIHYDRO-3- 
METHYL-2H-1 , 4-BENZOXAZINE 

In Table V the herbicide dicamba was used for evaluating the relative antidotal properties of the above-listed 
compounds. The symbols in this table have the following meanings: 

W = % Plant Inhibition caused by combination of herbicide and antidote. 

WO = % Plant Inhibition caused by herbicide alone. 
Data reported in parentheses = % Safening Effect 

( ) = w °- w xioo 

1 ' WO 

As In the preceding (and all tables herein) application rates are given in kilograms per hectare (kg/ha). 

CommerciaJly-avaiable or in-house formulations of the herbicides used in Examples 10-15 and Tables V-X 
had the f Mowing compositions (in w tght p rcent): 



68 
69 
70 
71 

72 
73 
74 
75 
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Heybjgicle 

Dicamba 

Acetochlor 

Alachlor 

Metolachlor 



Active Inqrgdl n t Inerts 



60.2 39.8 

87.3 12.7 
45.1 54.9 

86.4 13.6 



Example 10 



The following procedure shows interaction between a herbicide (dicamba in this example) and antidote 
when the antidote is applied in a soil furrow containing crop seed and the herbicide is incorporated in a soil 
cover layer. Containers were filled and compacted with fumigated silt loam soil to a depth of about 1 .3 cm from 
the top of the container. A first container was designated as an untreated control, a second container was desig- 
nated as a herbicide control, and a third container was designated as a herbicide + antidote test container. Each 
container was seeded with crop seed in marked furrows. Antidote compound, dissolved in acetone, was applied 
directly to the seeded furrows of the third container. Antidote application rate was 0.55 mg active compound 
per inch of furrow (0.22 mg/cm). This rate was comparable to a plot application rate of 0.28 kilogram per hectare 
(kg/ha), based on 76 cm (30") spaced-apart furrows. Then, each of the second and third containers was filled 
and leveled with a cover layer of soil having incorporated therein the selected herbicide at a pre-determined 
concentration. The first container was filled and leveled with soil containing no herbicide. Pots were overhead 
irrigated with 0.6 cm (1/4"), then placed on a bench in a greenhouse and sub-irrigated as required for the dura- 
tion of the test. Plant response was observed about three weeks after initial treatment Results are reported in 
Table V. 
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TABLE V 
% PLANT INHIBITION 



HERBICIDE 

RATE 

DICAMBA 1.12 



DICAMBA 1.12 



DICAMBA 1.12 



DICAMBA 1.12 



DICAMBA 1.12 



DICAMBA 1.12 



DICAMBA 1.12 



DICAMBA 1.12 



DICAMBA 1.12 



DICAMBA 1.12 



DICAMBA 1.12 



DICAMBA 1.12 



DICAMBA 1.12 



DICAMBA 1.12 



DICAMBA 1.12 



DICAMBA 1.12 



DICAMBA 1.12 



ANTIDOTE 

NO RATE 

1 0.28 

2 0.28 

3 0.28 

4 0.28 

5 0.28 

6 0.28 

7 0.28 

8 0.28 

9 0.28 

10 0.28 

11 0.28 

12 0.28 

13 0.28 

14 0.28 

15 0.28 

16 0.28 

17 0.28 



CORN 
W WO 

5 23 
(79) 

10 13 
(57) 

0 23 
(100) 

10 23 
(57) 

10 23 
(57) 

15 23 
(35) 

20 23 
(14) 

10 23 
(57) 

10 23 
(57) 

10 23 
(57) 

5 23 
(79) 

15 23 
(35) 

10 23 
(57) 

10 23 
(57) 

15 23 
(35) 

20 23 
(14) 

20 23 
(14) 



VELVET LEAF 
W WO 

100 99 



98 99 
(2) 

98 99 
(2) 

100 99 



98 99 
(2) 

95 99 
(5) 

90 99 
(10) 

100 99 



85 99 
(15) 

95 99 
(5) 

90 99 
(10) 

100 99 

100 99 

100 99 

100 99 



90 99 
(10) 

85 99 
(15) 
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TABLE V 
% PLANT INHIBITION 



HERBICIDE 

RATE 

DICAMBA 1 . 12 



DICAMBA 1.12 



DICAMBA 1.12 



DICAMBA 1.12 



DICAMBA 1.12 



DICAMBA 1.12 



DICAMBA 1.12 



DICAMBA 1.12 



DICAMBA 1.12 



DICAMBA 1.12 



DICAMBA 1.12 



DICAMBA 1.12 



DICAMBA 1.12 



DICAMBA 1.12 



DICAMBA 1.12 



DICAMBA 1.12 



DICAMBA 1.12 



ANTIDOTE 
NO RATE 



18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 
34 



0.28 

0.28 

0.28 

0.28 

0.28 

0.28 

0.28 

0.28 

0.28 

0.28 

0.28 

0.28 

0.28 

0.28 

0.28 

0.28 

0.28 



CORN 
W WO 

10 23 
(57) 

10 23 
(57) 

15 23 
(35) 

10 23 
(57) 

0 23 
(100) 

20 23 
(14) 

20 23 
(14) 

10 23 
(57) 

5 23 
(79) 

10 23 
(57) 

15 23 
(35) 

10 23 
(57) 

10 23 
(57) 

10 23 
(57) 

20 23 
(14) 

20 23 
(14) 

20 23 
(14) 



VELVET LEAF 

W WO 

100 99 

100 99 

100 99 

95 99 
(5) 

100 99 

100 99 

100 99 



65 99 
(35) 

100 99 



80 99 
(20) 

90 99 
(10) 

100 99 
100 99 



95 99 
(5) 

100 99 



95 99 
(5) 

100 99 
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TABLE V 
% PLANT INHIBITION 





HERBICIDE 




ANTIDOTE 


CORN 


VELVET 


LEAF 


5 




rati? 


NO 


RATE 


W WO 


W 


WO 




DICAMBA 


1.12 


35 


0.28 


50 23 


100 


99 




DICAMBA 


1.12 


36 




J-U 23 


100 


99 


10 










(57) 






DICAMBA 


1-12 


37 


0.28 


15 23 


l on 


QQ 

27 2f 












(35) 






15 


DICAMBA 


1.12 


38 


0.28 


10 23 


100 


99 












(57) 








DICAMBA 


1.12 


39 


0.28 


10 23 


95 


99 












(57) 


(5) 




20 




1 • 12 


40 


0.28 


10 23 


100 


99 












(57) 








DICAMBA 




41 


0.28 


10 23 


95 


99 


25 










W ' ) 


(5) 






DICAMBA 


1.12 


42 


0.28 


25 23 


100 


99 




DICAMBA 


1.12 


43 


0.28 


20 23 


100 


99 












(14) 






30 


DICAMBA 


1.12 


44 


0.28 


10 23 


90 


99 












(57) 


(10) 






DICAMBA 


1.12 


45 


0.28 


40 23 


100 


99 


35 


DICAMBA 


1.12 


46 


0. 28 


Aw 4&J 




99 












(57) 


(10) 






DICAMBA 


1.12 


47 


0.28 




1UU 


99 












(14) 






+*J 


















DICAMBA 


1.12 


48 


0.28 


15 23 


100 


99 












(35) 








DICAMBA 


1.12 


49 


0.28 


15 23 


100 


99 


45 










(35) 








DICAMBA 


1.12 


50 


0.28 


15 23 


100 


99 












(35) 






50 


DICAMBA 


1.12 


51 


0.28 


5 23 


95 


99 












(79) 


(5) 






DICAMBA 


1.12 


52 


0.28 


15 23 


100 


99 



(35) 



55 



33 
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TABLE V 
% PLANT INHIBITION 



HERBICIDE 

RATE 

DICAMBA 1.12 



DICAMBA 1.12 

DICAMBA 1.12 

DICAMBA 1.12 

DICAMBA 1.12 

DICAMBA 1.12 

DICAMBA 1.12 

DICAMBA 1.12 

DICAMBA 1 . 12 

DICAMBA 1 . 12 

DICAMBA 1 . 12 

DICAMBA 1.12 

DICAMBA 1 . 12 

DICAMBA 1.12 

DICAMBA 1.12 

DICAMBA 1.12 

DICAMBA 1.12 



ANTIDOTE 
NO RATE 



53 

54 
55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 



0.28 

0.28 
0.28 

0.28 

0.28 

0.28 

0.28 

0.28 

0.28 

0.28 

0.28 

0.28 

0.28 

0.28 

0.28 

0.28 

0.28 



CORN 
W WO 

15 23 
(35) 



VELVET LEAF 
W WO 

100 99 



25 23 100 99 



20 23 
(14) 

15 23 
(35) 

10 23 
(57) 

10 23 
(57) 

5 23 
(79) 

10 23 
(57) 

15 23 
(35) 

15 23 
(35) 

10 23 
(57) 

10 23 
(57) 

10 23 
(57) 

15 23 
(35) 

5 23 
(79) 

10 23 
(57) 

5 23 
(79) 



60 99 
(40) 

70 99 
(30) 

100 99 
95 



99 



(5) 



95 99 
(5) 

100 99 

100 99 

100 99 

80 99 
(20) 

90 99 
(10) 

85 99 
(15) 

95 99 
(5) 

95 99 
(5) 

90 99 
(10) 

90 99 
(10) 



34 
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TAPLE V 
% PLANT INHIBITION 



10 



15 



HERBICIDE 

RATE 

DICAMBA 1.12 



DICAMBA 1.12 



DICAMBA 1.12 



DICAMBA 1.12 



ANTIDOTE 
NO RATE 



70 



71 



72 



73 



0.28 
0.28 
0.28 
0.28 



CORN VELVET LEAF 
W WO W WO 



10 23 
(57) 

10 23 
(57) 

5 23 
(79) 

5 23 
(79) 



100 99 



90 99 
(10) 

70 99 
(30) 

80 99 
(20) 



20 



25 



30 



35 



SO 



55 



35 
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TABLE V 
% PLANT INHIBITION 



HERBICIDE 



ANTIDOTE 



SORGHUM VELVETLEAF 







RATE 


NO 


RATE 


W WO 


W 


WO 




DICAMBA 


0,56 


7 




30 


100 


80 


10 


DICAHBA 


2.24 


7 


0.56 


85 95 


95 


100 












(11) 


(5) 






DICAHBA 


0.56 


7 


2.24 


10 30 


100 


80 


15 










(67) 






DICAMBA 


2.24 


7 


2.24 


85 95 


60 


100 












(11) 


(40) 




DICAMBA 


0. 56 


7 


8.96 


15 30 


95 


80 


20 










(50) 








DICAMBA 


2.24 


7 


8.96 


90 95 


100 


100 














(0) 




25 


DICAMBA 


0. 56 


8 


0.56 


15 30 


95 


80 










(50) 








r\T wn » 

DICAMBA 


2.24 


8 


0.56 


45 95 


100 


100 












/en 

(53) 


(0) 




30 


UlLAnoA 


0. 56 


8 


2.24 


20 30 


35 


80 














(57) 






2.24 


8 


2.24 


90 95 


45 


100 














(55) 


35 




U » DO 


8 


8.96 


10 30 


95 


80 












\t> / ) 








DICAMBA 




Q 


o . 96 


95 95 


100 


100 


40 










(0) 


(0) 






DICAMBA 


0.56 


9 


0.56 


20 30 


100 


80 












(34) 








DICAMBA 


2.24 


9 


0.56 


85 95 


100 


100 


45 










(11) 


(0) 






DICAMBA 


0.56 


9 


2.24 


10 30 


90 


80 












(67) 






60 


DICAMBA 


2.24 


9 


2.24 


25 95 


100 


100 












(74) 


(0) 






DICAMBA 


0.56 


9 


8.96 


0 30 


70 


80 



(100) 



(13) 



65 



36 
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TABLE v 
% PLANT INHIBITION 



HERBICIDE 

RATE 

DICAMBA 2.24 

DICAMBA 0.56 

DICAMBA 2.24 

DICAMBA 0.56 

DICAMBA 2.24 

DICAMBA 0.56 

DICAMBA 2.24 

DICAMBA 0.56 

DICAMBA 2.24 

DICAMBA 0.56 

DICAMBA 2.24 

DICAMBA 0.56 

DICAMBA 2.24 

DICAMBA 0.56 

DICAMBA 2.24 

DICAMBA 0.56 

DICAMBA 2.24 



ANTIDOTE 

NO RATE 



9 
11 
11 
11 
11 
11 
11 
12 
12 
12 
12 
12 
12 
13 
13 
13 
13 



8.96 

0.56 

0.56 

2.24 

2.24 

8.96 

8.96 

0.56 

0.56 

2.24 

2.24 

8.96 

8.96 

0.56 

0.56 

2.24 

2.24 



SORGHUM 
(GRAIN) 
W WO 

10 95 
(90) 

10 30 
(67) 

80 95 
(16) 

5 30 
(84) 

75 95 
(22) 

5 30 
(84) 

45 95 
(53) 

10 30 
(67) 

85 95 
(11) 

20 30 
(34) 

85 95 
(11) 

25 30 
(17) 

80 95 
(16) 

10 30 
(67) 

80 95 
(16) 

30 30 
(0) 



VELVETLEAF 

W WO 

100 100 
(0) 

90 80 



100 100 
(0) 

100 80 



95 100 
(5) 

10 80 
(88) 

100 100 
(0) 

100 80 



100 100 
(0) 

55 80 
(32) 

100 100 
(0) 

100 80 



100 100 
(0) 

100 80 



95 100 
(5) 

95 80 



80 95 
(16) 



100 100 
(0) 



37 
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TABLE V 
% PLANT INHIBITION 



HERBICIDE 

RATE 

DICAMBA 0.56 

DICAMBA 2.24 

DICAMBA 0.56 

DICAMBA 1.13 

DICAMBA 0.56 

DICAMBA 2.24 

DICAMBA 0.56 

DICAMBA 2.24 

DICAMBA 0.56 

DICAMBA 2.24 

DICAMBA 0.56 

DICAMBA 2.24 

DICAMBA 2 . 24 

DICAMBA 2.24 

DICAMBA 0.56 

DICAMBA 2.24 

DICAMBA 0.56 



ANTIDOTE 

NO RATE 



13 

13 

17 

17 

17 

17 

17 

17 

25 

25 

25 
25 

25 

25 

29 

29 

29 



8.96 

8.96 

0.56 

0.56 

2.24 

2.24 

8.96 

8.96 

0.56 

0.56 

2.24 
2.24 

8.96 

8.96 

0.56 

0.56 

2.24 



SORGHUM 
(GRAIN) 
W WO 

5 30 
(84) 

25 95 
(74) 

15 30 
(50) 

75 95 
(22) 

10 30 
(67) 

50 95 
(48) 

25 30 
(17) 

85 95 
(ID 

30 30 
(0) 

90 95 
(6) 



40 95 
(58) 

0 30 
(100) 

80 95 
(16) 

0 30 
(100) 

65 95 
(32) 



VELVETLEAF 

W WO 
90 80 



100 100 
(0) 

50 80 
(38) 

100 100 
(0) 

80 80 
(0) 

100 100 
(0) 

90 80 



100 100 
(0) 

75 80 
(7) 

100 100 
(0) 



60 30 100 80 



100 100 
(0) 

80 80 
(0) 

100 100 
(0) 

70 80 
(13) 

100 100 
(0) 



35 30 100 80 



38 
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TABLE V 
% PLANT INHIBITION 



HERBICIDE 

RATE 

DICAMBA 2.24 
DICAMBA 0.56 
DICAMBA 2.24 
DICAMBA 0.56 
DICAMBA 2.24 
DICAMBA 0.56 

DICAMBA 2.24 

DICAMBA 0.56 

DICAMBA 2.24 

DICAMBA 0.56 

DICAMBA 2.24 

DICAMBA 0.56 

DICAMBA 2.24 

DICAMBA 0.56 

DICAMBA 2.24 

DICAMBA 0.56 

DICAMBA 2.24 



ANTIDOTE 

NO RATE 



29 

29 

29 

32 

32 

32 

32 

32 

32 

33 

33 

33 

33 

33 

33 

38 
38 



2.24 

8.96 

8.96 

0.56 

0.56 

2.24 

2.24 

8.96 

8.96 

0.56 

0.56 

2.24 

2.24 

8.96 

8.96 

0.56 

0.56 



SORGHUM 
(GRAIN) 
W WO 

80 95 
(16) 

5 30 
(84) 

85 95 
(11) 

0 30 
(100) 

75 95 
(22) 

20 30 
(34) 

45 95 
(53) 

O 30 
(100) 

30 95 
(69) 

40 30 



80 95 
(16) 

30 30 
(0) 

80 95 
(16) 

25 30 
(17) 

70 95 
(27) 

80 30 



60 95 
(37) 



VELVETLEAF 

W WO 

100 100 
(0) 

90 80 



90 100 
(10) 

55 80 
(32) 

100 100 
(0) 

70 80 
(13) 

100 100 
(0) 

55 80 
(32) 

50 100 
(50) 

60 80 
(25) 

100 100 
(0) 

10 80 
(88) 

95 100 
(5) 

40 80 
(50) 

100 100 
(0) 

70 80 
(13) 

100 100 
(0) 
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TABLE V 
% PLANT INHIBITION 



HERBICIDE 

RATE 

DICAMBA 0.56 
DICAMBA 2.24 

DICAMBA 0.56 

DICAMBA 2.24 

DICAMBA 0.56 

DICAMBA 2.24 

DICAMBA 0.56 

DICAMBA 2.24 

DICAMBA 0.56 

DICAMBA 2.24 

DICAMBA 0.56 

DICAMBA 2 . 24 

DICAMBA 0.56 

DICAMBA 2.24 

DICAMBA 0.56 

DICAMBA 2.24 

DICAMBA 0.56 



ANTIDOTE 

NO RATE 



38 

38 

38 

38 

45 

45 

45 

45 

45 

45 

52 

52 

52 

52 

52 

52 

54 



2.24 

2.24 

8.96 

8.96 

0.56 

0.56 

2.24 

2.24 

8.96 

8.96 

0.56 

0.56 

2.24 

2*24 

8.96 

8.96 

0.56 



SORGHUM 
(GRAIN) 
W WO 

15 30 
(50) 

60 95 
(37) 

15 30 
(50) 

40 95 
(58) 

40 30 



VELVETLEAF 

W WO 
95 80 



95 95 
(0) 

5 30 
(84) 

95 95 
(0) 

5 30 
(84) 

85 95 
(11) 

0 30 
(100) 

80 95 
(16) 

30 30 
(0) 

45 95 
(53) 

20 30 
(34) 

85 95 
(11) 

30 30 
(0) 



100 100 
(0) 

20 80 
(75) 

100 100 
(0) 

70 80 
(13) 

100 100 
(0) 

100 80 



100 100 
(0) 

95 80 



100 100 
(0) 

100 80 



100 100 
(0) 

90 80 



100 100 
(0) 

100 80 



100 100 
(O) 

90 80 



40 
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TABLE V 
% PLANT INHIBITION 



HERBICIDE 

RATE 

DICAMBA 2.24 

DICAMBA 0.56 

DICAMBA 2.24 

DICAMBA 0.56 

DICAMBA 2.24 

DICAMBA 0.56 

DICAMBA 2.24 

DICAMBA 0.56 

DICAMBA 2 . 24 

DICAMBA 0.56 

DICAMBA 2.24 

DICAMBA 0.56 

DICAMBA 2.24 

DICAMBA 0.56 

DICAMBA 2.24 

DICAMBA 0.56 

DICAMBA 2.24 



ANTIDOTE 

NO RATE 



54 

54 

54 

54 

54 

56 
56 

56 

56 

56 

56 

58 

58 

58 
58 

58 

58 



0.56 

2.24 

2.24 

8.96 

8.96 

0.56 
0.56 

2.24 

2.24 

8.96 

8.96 

0.56 

0.56 

2.24 
2.24 

8.96 

8.96 



SORGHUM 
(GRAIN) 
W WO 

65 95 
(32) 

0 30 
(100) 

80 95 
(16) 

30 30 
(0) 

70 95 
(27) 



90 95 
(6) 

20 30 
(34) 

75 95 
(22) 

5 30 
(84) 

85 95 
(11) 

20 30 
(34) 

85 95 
(11) 



VELVETLEAF 

W WO 

100 100 
(0) 

100 80 



100 100 
(0) 

10 80 
(88) 

100 100 
(O) 



50 30 100 80 



100 100 
(0) 



90 



80 



100 100 
(0) 

80 80 
(0) 

100 100 
(0) 



90 



80 



100 100 
(0) 



55 30 100 80 



95 95 
(0) 

30 30 
(0) 

75 95 
(22) 



100 100 
(0) 

50 80 
(38) 

100 100 
(0) 



41 
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TABLE V 
% PLANT INHIBITION 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



HERBICIDE 

RATE 

DICAMBA 0.56 

DICAMBA 2.24 

DICAMBA 0.56 

DICAMBA 2.24 

DICAMBA 0.56 

DICAMBA 2.24 

DICAMBA 0.56 

DICAMBA 2.24 

DICAMBA 0.56 

DICAMBA 2.24 

DICAMBA 0.56 

DICAMBA 2.24 

DICAMBA 0.56 

DICAMBA 2.24 

DICAMBA 0.56 

DICAMBA 2.24 

DICAMBA 0.56 

DICAMBA 2.24 



ANTIDOTE 

NO RATE 



61 

61 

61 
61 

61 

61 

67 

67 

67 

67 

67 

67 

70 
70 

70 
70 

70 

70 



0.56 

0.56 

2.24 
2.24 

8.96 

8.96 

0.56 

0.56 

2.24 

2.24 

8.96 

8.96 

0.56 
0.56 

2.24 
2.24 

8.96 

8.96 



SORGHUM 
(GRAIN) 
W WO 

10 30 
(67) 

85 95 
(11) 



VELVETLEAF 

W WO 

15 80 
(82) 

100 100 
(0) 



50 30 100 80 



75 95 
(22) 

30 30 
(0) 

55 95 
(43) 

10 30 
(67) 

85 95 
(11) 

25 30 
(17) 

90 95 
(6) 

25 30 
(17) 

95 95 
(0) 



100 100 
(0) 

100 80 



100 100 
(0) 

95 80 



100 100 
(0) 

100 80 



100 100 
(0) 

100 80 



100 100 
(0) 



55 30 95 80 



80 95 
(16) 



100 100 
(0) 



40 30 95 80 



95 95 
(0) 

10 30 
(67) 

80 95 
(16) 



100 100 
(0) 

95 80 



100 100 
(0) 
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TAPfrE V 
% PLANT INHIBITION 



10 



15 



20 



25 



30 



35 



40 



45 



50 



HERBICIDE 

RATE 

DICAMBA 0.56 
DICAMBA 2.24 
DICAMBA 0.56 
DICAMBA 2.24 
DICAMBA 0.56 

DICAMBA 2.24 

DICAMBA 0.56 

DICAMBA 2.24 

DICAMBA 0.56 

DICAMBA 2.24 

DICAMBA 0.56 

DICAMBA 2.24 

DICAMBA 0.56 

DICAMBA 2.24 

DICAMBA 0.56 

DICAMBA 2.24 



ANTIDOTE 

NO RATE 



71 
71 
71 
71 
71 
71 
74 

74 

74 

74 

74 

74 

73 

73 

73 
73 



0.56 

0.56 

2.24 

2.24 

8.96 

8.96 

0.56 

0.56 

2.24 

2.24 

8.96 

8.96 

0.56 

0.56 

2.24 

2.24 



SORGHUM 
(GRAIN) 
W WO 

5 30 
(84) 

80 95 
(16) 

10 30 
(67) 

80 95 
(16) 

25 30 
(17) 

100 95 



15 30 
(50) 

75 95 
(22) 

25 30 
(17) 

90 95 
(6) 

0 30 
(100) 

45 95 
(53) 

30 30 
(0) 

90 95 
(6) 

15 30 
(50) 

80 95 
(16) 



VELVETLEAF 

W WO 

75 80 
(7) 

100 100 
(0) 

100 80 



100 100 
(0) 

95 80 



100 100 
(0) 

95 80 



100 100 
(0) 

95 80 



100 100 
(0) 

20 80 
(75) 

100 100 
(0) 

40 80 
(50) 

100 100 
(0) 

100 80 



100 100 
(0) 



55 



43 



EP 0 480 902 A1 



TABLE V 
% PLANT INHIBITION 

HERBICIDE ANTIDOTE SORGHUM VELVETLEAF 

(GRAIN) 

RATE NO RATE W WO W WO 

DICAMBA 0.56 73 8.96 0 30 90 80 

(100) 

DICAMBA 2.24 73 8.96 85 95 100 100 

(11) (0) 

Example 1 1 

The following procedure shows interaction between herbicide and antidote when both are incorporated in 
a soil cover layer before emergence of crop and weed species. Containers were filled and compacted with a 
fumigated silt loam top soil to a depth of about 1 .3 cm from the top of the container. A first container was desig- 
nated as an untreated control, a second container was designated as a herbicide control, and a third container 
was designated as a herbicide + antidote test container. Each of the containers was seeded with a crop species. 
A measured amount of each herbicide dispersed or dissolved in acetone or water was applied to a measured 
quantity of soil. To this same quantity of soil treated with herbicide, there was added a measured amount of 
antidote dispersed or dissolved in acetone or water. The quantity of soil treated with the herbicide and antidote 
was thoroughly mixed to incorporate the herbicide and antidote in the soil uniformly. The seed bed in the third 
container of soil was covered with the soil treated with the herbicide and antidote and the container was leveled. 
For each test series, the seed beds of the first and second containers were likewise covered by soil layers. 
The cover layer of the first container was not treated with herbicide or antidote. The cover layer of the second 
container had a measured quantity of both herbicides alone incorporated therein. The containers were then 
placed on a bench in a greenhouse and sub-irrigated as required for the duration of the test. Plant response 
was observed about three weeks after initial treatment Results are reported In Table VI, wherein the weeds 
in the test, velvet! eaf and barnyardgrass have the symbols "VL" and BYG", respectively. 
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Table VI 

Herbicide 



Acetochlor Dicamba Antidote % Tn-in-r-y 





Rate 


Rate 


No. 


Bate 
- 


Corn vr. 


. 3YG 




4.48 


- 


- 


32 


7 


100 




8.96 


- 


- 


- 


68 


43 


100 


10 


- 


1.12 


- 


- 


28 


97 


95 




- 


2.24 


- 


- 


48 


98 


100 




4.48 


1.12 




- 


75 


98 


100 


15 


4.48 


2.24 


- 


- 


90 


100 


100 


8.96 


1.12 


- 


- 


87 


98 


100 




8.96 


2.24 


- 


- 


95 


100 


100 




- 




8 


8.96 


10 


50 


90 


20 


4.48 


- 


ft 


n 


5 


10 


100 




4.48 


- 


n 


2.24 


20 


30 


100 




8.96 


- 


it 


8.96 


5 


90 


100 


25 


8.96 


- 


it 


2.24 


15 


90 


100 


- 


1.12 


it 


8.96 


0 


85 


95 




- 


1.12 


n 


2.24 


20 


100 


90 




— 


2.24 


N 


8.96 


5 


90 


95 


30 


- 


2.24 


If 


2.24 


0 


100 


100 




4.48 


1.12 


If 


8.96 


30 


100 


100 




4.48 


2.24 


II 


8.96 


60 


95 


100 




8.96 


1.12 


•1 


8.96 


50 


100 


100 


35 


8.96 


2.24 


n 


8.96 


85 


100 


100 




4.48 


1.12 


n 


2.24 


55 


100 


100 




4.48 


2.24 


fi 


2.24 


75 


100 


100 


40 


8.96 


- 


tt 


2.24 


75 


100 


100 




8.96 




w 


2.24 


85 


100 


100 








32 


8.96 


0 


0 


85 




4.48 




« 


8.96 


10 


10 


100 


45 


4.48 




n 


2.24 


0 


10 


100 




8.96 




n 


8.96 


0 


15 


100 




8.96 




n 


2.24 


0 


30 


100 


50 




1.12 


n 


8.96 


0 


90 


95 






1.12 


if 


2.24 


0 


100 


100 






2.24 


if 


8.96 


20 


100 


95 






2.24 


n 


2.24 


15 


100 


95 



55 



45 
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Table VI 

Herbicide 

Acetochlor Dicamba Antidote % In-iury 





Rate 


Rate 


No. 


Rate 


Corn 


VL 


BYG 




4.48 


1.12 


32 


8.96 


25 


100 


100 




4.48 


2.24 


M 


ii 


80 


100 


100 


10 


8.96 


1.12 


II 


•i 


65 


100 


100 




8.96 


2.24 


II 


it 


80 


95 


100 




4.48 


1.12 


II 


2.24 


45 


100 


100 




4.48 


2.24 


II 


n 


45 


100 


100 


15 


8.96 












1.12 


It 


ti 


50 


100 


100 




8.96 


2.24 


It 


ii 


45 


100 


100 




- 


— 


45 


8.96 


0 


0 


95 


20 


4.48 


- 


•t 


ii 


5 


10 


100 




4.48 


— 


ii 


2.24 


0 


85 


100 




8.96 


- 


ii 


8.96 


25 


90 


100 


25 


8.96 


- 


ii 


2.24 


25 


95 


100 


- 


1.12 


ii 


8.96 


5 


100 


90 




- 


it 


it 


2.24 


10 


100 


100 




- 


2.24 


it 


8.96 


30 


100 


95 


30 


- 


ii 


it 


2.24 


25 


100 


90 




4.48 


1.12 


•t 


8.96 


60 


95 


100 




n 


2.24 


ti 


n 


55 


100 


100 




8.96 


1.12 


it 


ti 


60 


95 


100 


35 


n 


2.24 


it 


•i 


75 


100 


100 




4.48 


1.12 


ii 


2.24 


55 


100 


100 




4.48 


2.24 


it 


ii 


60 


100 


100 


40 


8.96 


1.12 


n 


it 


50 


100 


100 




ii 


2.24 


•i 


ii 


50 


100 


100 








67 


8.96 


0 


10 


85 




4.48 




n 


•i 


20 


25 


100 


45 


ti 




•i 


2.24 


0 


35 


100 




8.96 




it 


8.96 


50 


95 


100 




8.96 




it 


2.24 


45 


80 


100 


50 




1.12 


■i 


8.96 


10 


100 


90 






ii 


n 


2.24 


25 


100 


95 






2.24 


ii 


8.96 


30 


85 


90 






n 


n 


2.24 


60 


100 


80 



55 
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Table VI 

Herbicide 

Acetochlor Dicamba Antidote * Tn-iin-y 



.. Fate 


Rate 


No. 


Eafce 
8.96 


Corn VT. 


BYG 


4.48 


1.12 


67 


60 


100 


100 


it 


2.24 


ii 


it 


75 


100 


100 


8.96 


1.12 


•t 


n 


30 


100 


100 


it 


2.24 


n 


it 


90 


100 


100 


4.48 


1.12 


ii 


2.24 


80 


100 


100 


ii 


2.24 


it 


it 


65 


100 


100 


8.96 


1.12 


if 


ii 


70 


95 


100 


ii 


2.24 


ii 


ii 


90 


95 


100 


— 


- 


71 


8.96 


0 


0 


90 


4.48 


- 


ii 


M 


5 


10 


100 


n 


- 


n 


2.24 


5 


10 


100 


8.96 


- 


ii 


8.96 


30 


20 


100 


ii 


- 


ii 


2.24 


0 


10 


100 


™ ■ 


1.12 


n 


8.96 


10 


85 


90 


— 


1.12 


n 


2.24 


10 


100 


95 




2.24 


if 


8.96 


35 


100 


95 


— 


n 


if 


2.24 


5 


100 


95 


4.48 


1.12 


it 


8.96 


45 


100 


100 


ii 


2.24 


ii 


n 


35 


95 


100 


8.96 


1.12 


n 


ii 


55 


100 


100 


ii 


2.24 


it 


•I 


75 


100 


100 


4.48 


1.12 


ii 


2.24 


60 


100 


100 


n 


2.24 


n 


n 


55 


100 


100 


8.96 


1.12 


it 


it 


45 


100 


100 


n 


2.24 


n 


n 


80 


100 


100 






74 


8.96 


0 


0 


90 


4.48 




it 


ti 


20 


70 


100 


tt 




it 


2.24 


5 


15 


100 


8.96 




tt 


8.96 


10 


20 


100 


ii 




n 


2.24 


10 


60 


100 




1.12 


it 


8.96 


15 


100 


90 




ti 


tt 


2.24 


10 


90 


80 




2.24 


tt 


8.96 


20 


90 


90 




N 


if 


2.24 


35 


100 


100 
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Herbicide 

Acetochlor Dicamba Antidote % Tn-tn ry 



Rate 


Rate 


No. 


Rate 


Com 


. Vt 


BYG 


4.48 


1.12 


it 


8.96 


45 


100 


100 


•t 


2.24 


ti 


ti 


60 


100 


100 


8.96 


1.12 


»i 


ii 


55 


95 


100 


n 


2.24 


ii 


n 


35 


90 


100 


4.48 


1.12 


it 


2.24 


10 


100 


100 


n 


2.24 


ti 


•t 


75 


90 


100 


8.96 


1.12 


•i 


ft 


40 


100 


100 


ii 


2.24 


ti 


•i 


55 


100 


100 



All test compounds exhibited activity for each of the herbicides alone and for mixtures of the two together. 
Antidote No. 74 was the most active compound overall, reducing injury to corn from 75% with the combination 
of 4.48 kg/ha of acetochlor and 1.12 kg/ha of dicamba without the antidote to 10% with 2.24 kg/ha with the 
antidote. 

Example 12 

The test procedure described in Example 1 1 was used to determine the antidotal efficacy of several com- 
pounds as safeners for the herbicides alachlor, dicamba and mixtures thereof in grain sorghum ("GrSO"). The 
broadleaf weed velvetleaf ("VL") was the test weed. Test results are shown in Table VII. Percent inhibition 
values for the herbicides without an antidote are averages of three replications, while values shown with the 
antidote are from a single replicate. 
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Table VIT 





Alachlor 


Dicamba 


Antidote 


a 


Iniurv 


5 


Rate 


Rate 


No. 


Rate 
— 


srpo 


VXi 




0. 56 




— 


93 


0 




2.24 




— 


— 


93 


0 








— 


- 


60 


79 




0. 56 


If 


— 


— 


97 


100 




2 . 24 


fl 


— 


— 


99 


100 


15 






9 


8.96 


25 


0 


0 . 56 




it 


0.56 


10 


0 




n 




it 


2.24 


20 


10 




it 




it 


8.96 


30 


0 


20 


2 .24 




ii 


0.56 


50 


0 




n 




tt 


2.24 


20 


0 




w 




n 


8.96 


5 


0 




l 


1 . 12 


n 


0.56 


35 


100 


25 




it 


tt 


2.24 


35 


95 






n 


ti 


8.96 


45 


70 




0.56 


ti 


tt 


0.56 


e c 
DD 


100 


30 


n 


•i 


tt 


2.24 


55 


100 




ft 


it 


tt 


8.96 


95 


100 




2.24 


it 


ft 


0.56 


95 


100 




tt 


it 


tt 


2.24 


75 


100 


35 


it 


tt 


n 


8.96 


o c 

8 5 


100 








11 


tt 


lu 


0 




0.56 




it 


0.56 


*> c 
Zz> 


0 


40 


n 




it 


2.24 


0 


0 




it 




ft 


8.96 


JU 


0 




2.24 




tt 


0.56 


70 


0 




tt 




n 


2.24 


60 


0 


45 


n 




it 


8.96 


25 


0 






1.12 


tt 


0.56 


60 


100 






it 


tt 


2.24 


65 


50 


50 




m 


it 


8.96 


50 


30 


0.56 


if 


IB 


0.56 


40 


50 




N 


tt 


n 


2.24 


80 


100 




If 


it 


ii 


8.96 


25 


100 



55 
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Table VTT 

Herbicide 





Alachlor 


Dicamba 


Antidote 


* 


Iniury 


5 


]R<lte 


Rate 


No. 


Rate 
0.56 


GrSO 


VL 




2.24 


1.12 


11 


90 


40 




n 


it 


it 


2.24 


95 


100 


10 


ii 


ii 


it 


8.96 


90 


100 




~™ 


— 


13 


it 


0 


0 




0.56 


- 


it 


0.56 


20 


0 




it 


- 


M 


2.24 


0 


0 


lO 


ti 


— 


II 


8.96 


20 


0 




2.24 


— 


It 


0.56 


30 


0 




ii 


— 


It 


2.24 


15 


0 


20 


ii 


— 


II 


8.96 


15 


0 






1.12 


n 


0.56 


55 


100 






it 


•t 


2.24 


65 


90 






ti 


•t 


8.96 


50 


100 


25 


0.56 


ti 


n 


0.56 


55 


90 




n 


ii 


it 


2.24 


80 


50 






n 


it 


8.96 


55 


100 


30 


2.24 


•i 


n 


0.56 


95 


100 




w 


it 


it 


2.24 


75 


100 






•i 


•t 


8.96 


70 


100 








29 


ti 


0 


0 


35 


0. 56 




it 


0.56 


45 


0 




ti 




w 


2.24 


15 


100 




n 




it 


8.96 


10 


10 


40 


2 .24 




n 


0.56 


75 


0 




it 




M 


2.24 


70 


0 




ii 




it 


8.96 


45 


85 






1.12 


it 


0.56 


40 


100 


45 




H 


n 


2.24 


45 


10O 






n 


it 


8.96 


30 


100 




0.56 


n 


n 


0.56 


90 


100 


50 


it 
it 


n 


it 


2.24 


50 


60 






it 


it 


8.96 


60 


100 




2.24 


n 


ti 


0.56 


95 


100 




it 


ti 


N 


2.24 


95 


100 



65 



50 
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Table VTT 



5 


Alachlor 


Dicamba 


Antidote 




Iniurv 






pate 


No. 




PrSQ 






2.24 


1.12 


29 


8.96 


90 


100 




ti 


— 


32 


it 


0 


0 


10 


0,56 


— 


it 


0.56 


80 


100 




w 




•i 


2.24 


60 


0 




n 




tt 


8.96 


25 


0 


15 


2.24 


— 


tt 


0.56 


95 


0 




tt 


— 


ii 


2.24 


95 


0 




if 


— 


ii 


8.96 


70 


0 






1.56 


it 


0.56 


70 


100 


20 




ti 


ii 


2.24 


50 


80 






n 


ii 


8.96 


55 


100 




0. 56 


it 


it 


0.56 


95 


100 


25 


tt 


n 


ii 


2.24 


95 


100 




tt 


it 


it 


8.96 


85 


50 




2.24 


1.12 


it 


0.56 


100 


100 




it 


tt 


•t 


2.24 


95 


100 


30 


it 


it 


•t 


8.96 


95 


25 








74 


n 


10 


0 




0.56 


— 


n 


0.56 


10 


0 




w 




tt 


2.24 


0 


0 


35 


M 
















_ 


n 


8.96 


25 


0 




2.24 




tt 


0.56 


50 


0 








n 


2.24 


35 


100 


40 






n 


8.96 


35 


0 






1.12 


H 


0.56 


55 


85 






it 


n 


2.24 


50 


90 






tt 


n 


8.96 


60 


100 


45 


0.56 


tt 


n 


0.56 


65 


80 




it 


ti 


n 


2.24 


70 


100 




n 


n 


ti 


8.96 


75 


90 


50 


2.24 


tt 


n 


0.56 


95 


100 




n 


tt 


tt 


2.24 


90 


100 




M 


tt 


n 


8.96 


80 


100 



55 The abov indicate that th safe n in g effects of th antidotes against the herbicides aJachlor, dicamba and 

mixtures th reof und r the given test conditions is n t altogether consistent at th rates used in the test using 
sorghum as the test crop, which is highly sensitive to those herbicides. Some antidotal improvement may be 
suggested for other test modes, e.g., by use of a different mode of antid te application, e.g., as a crop seed 
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coating as exemplified in the following exampl . 
Example 13 

The following procedure was used to determine the interaction between a herbicide and antidote when the 
herbicide is topically applied to the soil surface and the antidote is applied to crop seed. Crop plant seed may 
be treated with the antidote either by contacting the seed with antidote in powder form or by contacting the seed 
with a solution or suspension of antidote compound dissolved or suspended in a suitable solvent, typically 
methylene chloride or toluene. Relative amounts of antidote compound and seed are used to provide an anti- 
dote-on-seed concentration, on a percent weight/weight basis, typically with in the range of about 0.03 to 0. 1 3%. 
Containers were filled and compacted with fumigated silt loam type soil to a depth of about 1 .3 cm from the top 
of the container. A first container was designated as an untreated control, a second container was designated 
as a herbicide control, and a third container was designated as a herbicide + antidote test container. Untreated 
crop seed was placed in the first and second containers. Antidote-treated crop seed was placed in the third 
container. Then, each of the second and third containers was filled and leveled with a cover layer of soil having 
incorporated therein the selected herbicide at a pre-determined concentration. The first container was filled and 
leveled with soil containing no herbicide. All containers were given about 0.6 cm of overhead water to simulate 
an activating rainfall. The containers were placed on a greenhouse bench and sub-irrigated as required for the 
duration of the test Plant response was observed about three weeks after initial treatment 

In this example, Antidotes No. 9 (common name "fiurazole") and No. 12 (common name "cyometrinil") were 
coated onto sorghum seed for testing with the herbicides aiachlor, dicamba and mixtures thereof. Green foxtail 
(GrFt) was present as the test weed. Test results are shown in Table VIII. The percent injury values shown for 
the herbicide treatment only (no antidote) are averages of six replications for the sorghum and three replications 
for the weed, while the values for the antidote-containing formulations are averages of four replicates for sor- 
ghum and two replicates for the weed. 



52 



EP 0 480 902 A1 



TafrjLe VIII 



5 




Alachlor 


Dicamba 








Antidote No. 




Rate 


QjrSO 






Check 










10 




0.56 


™* 

1.12 


63 
14 


100 
6 




— 




0.56 


20 


16 




— 


0.56 


1.12 


89 


100 


15 


— 


ii 


0.56 


54 


100 




9 






7 


0 




n 


0.56 




10 


100 


20 


n 


— 


0.56 


0 


8 




it 




1.12 


20 


72 




ti 


0.56 


0.56 


17 


100 




n 


ii 


1.12 


12 


100 


25 


12 






10 


0 




it 


0.56 




4 


100 




it 




0.56 


7 


20 


30 


tt 




1.12 


17 


65 




it 


0.56 


0.56 


33 


100 




n 


0.56 


1.12 


15 


98 



35 The data in Table VIII show the reduced sorghum injury when the antidotes are applied as a seed dressing 

on the sorghum seed. These data may be contrasted with that in Table VII showing a generally less consistent 
safening effect when the herbicides and antidote are applied by soil incorporation in a cover layer. The data in 
Table VIII illustrate the efficacious safening of sorghum against alachlor and dicamba when the herbicides are 
applied separately or in combination to the sorghum seed coated with the antidotes. 

40 

Example 14 

This test was conducted to evaluate the antidotal (safening) effect of a number of antidotes against 
dicamba, metolachlor and combinations thereof in com in the presence of the weeds velvet! eaf (VL) and bar- 
45 nyardgrass (BYG). 

The test procedure here was the same as that described in Examples 1 1 and 1 2. The concentration of the 
herbicidally active ingredients is shown earlier herein. Percent injury values to the plants treated with herbicide 
formulations containing no antidote represent averages of three replications, whle percent injuries resulting 
from antidote-containing formulations are based on one replicate. Test results are shown in Table IX. 
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Table IX 

Herbicide 

Metolachlor Dicamba Antidote * Tn-iury 



10 



15 



20 



25 



30 





Fate 


Ho. 


Fate 


corn 


VL 


B¥<S 


4.48 


— 


— 


— 


7 


5 


100 


8.96 


— 


— 


- 


8 


33 


100 


— 


2.24 


- 


- 


12 


13 


38 


4.48 


it 


- 


- 


35 


82 


100 


8.96 


it 


- 


- 


55 


88 


100 




— 


3 


8.96 


0 


0 


0 


4.48 


— 


n 


2.24 


0 


0 


0 


4.48 


— 


it 


8.96 


0 


10 


100 


8.96 


— 


n 


2.24 


0 


0 


100 


8.96 




n 


8.96 


0 


5 


100 




2.24 


it 


2.24 


0 


80 


20 




9f 


it 


8.96 


20 


65 


15 


4.48 


If 


n 


2.24 


5 


100 


100 


4.48 


ft 


n 


8.96 


15 


100 


100 


8.96 


ft 


N 


2.24 


70 


100 


100 


8.96 


M 


tt 


8.96 


55 


100 


100 






8 


8.96 


10 


0 


0 


4.48 




n 


2.24 


0 


0 


100 


n 




tt 


8.96 


0 


0 


100 
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Herbicide 









Antidote 




^ Iniurv 


5 








Rate 




VI. 


BYG 




o • yo 




8 


2.24 


5 


10 


100 




it 




it 


8.96 


15 


0 


100 


10 




2 • 24 


ti 


2.24 


5 


65 


90 






it 


tt 


8.96 


25 


80 


85 




A 4 a 


ti 


tt 


2.24 


25 


85 


100 


15 


A 4fi 
^t • to 


it 


ti 


8.96 


20 


75 


lOO 

X WW 


ft Qfi 

0 ■> 3D 


ii 


n 


O OA 


40 


25 


100 




II 


ft 


it 


8.96 


5 


100 


100 

A v V 








11 


8.96 


0 


0 


5 


20 


4 48 




•t 


2.24 


0 


0 


100 




ii 




ii 


8.96 


0 


5 


ion 

AW/ 




fl Q A 
O * 90 




ti 


2.24 


0 


70 


100 


25 


8*96 




n 


8.96 


15 


40 


100 






O Oil 


ft 


2.24 


0 


60 


65 






ii 


tt 


8.96 


0 


100 


90 




4 • 48 


n 


n 


2.24 


55 


100 


100 


30 


w 


n 


tt 


8.96 


55 


100 


lOO 






n 


tt 


2.24 


70 


100 


100 
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Table IX 

Herbicide 
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Table £jg 

Herbicide 
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In the above tests, all antidotal compounds safened com from the combinations of dicamba and 
metolachlor. Antidote No. 22 was the most active compound reducing injury to corn by the 8.96:2.24 kg/ha 
35 metolachlondicamba combination without the antidote from 55% to 1 0% with addition of 2.24 kg/ha of the anti- 
dote. 

Example 15 

40 This example illustrates the safening effect of Antidote No. 78 against dicamba in combination with 

metolachlor. The antidote was supplied in the form of Dual IK© herbicide containing 83.9 wt % of metolachlor, 
2.7 wt. % of Antidote No. 78 and 13.4 wt % inerts. 

The procedure of this example was the same as described in the preceding example, including the number 
of replications to obtain the stated percent injury average values, the test weed was velvetleaf; bam-yardgrass 

45 was not present in this test Test results are shown in Table X 
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Table x 
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It is noted in Table X that neither metolachlor nor dicamba alone provided adequate weed control at 
maximum test rates up to 8.96 kg/ha for metolachlor and 4.48 kg/ha for dicamba. However, combinations of 
so these herbicides did provide adequate control. Antidote 78 reduced corn injury from 8.96 metolachlor plus 1.12 
Dicamba from 85 to 22% at 0.28 kg/ha. 

Example 16 

65 This xampl describes the antidotal effect of various antidotal compounds against dicamba in wheat and 

in corn. The test we d in th s tests was redroot pigw ed (Amaranthus retroflexus, Rrpw in Table 11). 

The test procedure used in this exampl was the same as described in Example 1 1 , except using a single 
herbicide rather than a combination of dicamba and a co-herbicide. Test data for the wheat experiments are 
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shown in Table XI and for the com xperiments in Table XII. 

Table XI 
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Table XT 
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Table XI 
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Table XI 

% Plant Inhibition 
Antidote Rate Rate 
— Ho, Kq/Ha Herbicide Ka/Ha Wheat Rrov 
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It is noted from the data in Table XI that the heroicrdal effect of dicamba against wheat was reduced by a 
number of the test antidotes. Antidote No. 39 was most active in this test, reducing injury to wheat by dicamba 
from 65% at 2.24 kg/ha to 0% with only 0.56 kg/ha of the antidote. 
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Antidote Rate 
— Ka /Ha 



Table XTT 
% Plant Inhibition 
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From the data in Table XII it Is noted that the herbicidal effect of dicamba against com was reduced by all 
of the test antidotes at 8.96 kg/ha. For example, corn injury by dicamba alone was 35% at 4.48 kg/ha. That 
degree of injury at the same dicamba rate was reduced to 5%, 0% and 10%, respectively, by antidote nos. 40, 
74 and 75 at a rate of 8.96 kg/ha. 

While the invention herein has been specifically exemplified with the commercial herbicidal compound 
dicamba as representative of the compounds of Formula I, by alachlor, acetochlorand metolachloras represen- 
tative of the compounds of Formula V and by various dichloroacetamide antidotes such as AD-67 and the 
safener of formulation V as representative of the compounds according to Formulae II and III, as well as a mul- 
tiplicity of other antidotes having a variety of chemical structures, it is to be understood that other compounds 
within the scope of the above formulae and other chemical classes are specifically contemplated as within the 
scope of this invention. For example, other benzoic acid derivatives contemplated herein include the com- 
pounds described in U.S. Patent No. 3,013,054. 

The above specifically mentioned herbicidal compounds used as co-herbicides herein are intended merely 
as exemplary of th classes of h rbicides which th y represent. However, it is expressly contemplated that 
many ther herbicidal compounds analogous to thos r pres nted herein having a variety of equivalent radicals 
substitut d on the central nucleus may similarly be safened to various crop plants to a greater or lesser extent 
with the antidotal compounds of this inv ntion. For xample, other a-haloacetamid anda-haloacetanilidecom- 
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pounds useful as herbicides are described in U.S. Patent Numbers 3,442,945, 3,547,620, 3,574,746, 
3,586,496, 3,830,841, 3,901,768, 4.249,935. 4,319,918, 4,517,011, 4,601,745, 4,657,579 and 4,666,502 and 
Australian Patent No. AU-A1 -18044/88. 

Herbicidally-useful thiocarbamate compounds are described in U.S. Patent Nos. 2,913,327, 3,330,643 and 
3,330,821. 

Other herbicidal pyridine compounds are described in U.S. Patent Nos. 4,692,184 and 4,826,532, of com- 
mon assignment herewith. 

Herbicidally-useftjl heterocycyl phenyl ethers (especially pyrazolyl aryl ethers) are described, e.g., in U.S. 
Patent 4,298,749. 

Herbicidal diphenyl ethers and nitrophenyl ethers include 2,4-dichlorophenyl 4'-nitropheny1 ether ("nitro- 
fen"), 2-chloro-1-(3 r -ethoxy-4'-nitrophenoxy)-4-trmuoromethylbenzene ("Oxyfluorfen"), 2',4'-dichlorophenyl 3- 
methoxy-4-nitrophenyl ether ("Chlormethoxynil"), methyl 2-[4'-(2". 4"-dichlorophenoxy)-phenoxy]-propionate, 
NH2'-phenoxyethyl)-2-[5X2 w -chto 2-methoxyethyl 2- 

[niti^5-(2-chloro^trifluoromethylphenoxy)-phenoxyl-propionate and 2-chloro-4-trifluoromethyf phenyl 3'-oxa- 
zolin-2'-yl-4'-nitrophenylether. 

Another generic class of agrichemically-important herbicidal compounds specifically contemplated for use 
as co-herbicidal compounds in combination with the antidotal compounds of this invention are the ureas and 
sulfonylurea derivatives. Important herbicidal ureas include 1-(benzothiazol-2-yl)-1,3-dimethylurea; 
phenylureas, for example: 3-(3-chloro-p-tolyl)-1,1-dimethylurea ("chlorotoluron"), 1,1-dimethyl-3-(a,a,a-trif- 
luoro-nvtolyl)urea ("fluometuron"), 3-(4-bromo-3-chlorophenyl)-methoxy-1-methylurea ("chlorbromuron"), 3- 
(4-bromophenyl)-1-methoxy-1-methylurea ("metobromuron"), 3-{3,4-dichlorophenyl)-1-methoxy-1-methylurea 
ninuron"), 3-{4-chlorophenyl)-1-methoxy-1-methylurea ("monolinuron*), 3-(3,4-dichlorophenyl)-1,1 -dimethyl- 
lurea ("diuron"), 3-(4-chlorophenyl)-1 ,1-dimethylurea ("monuron") and 3-(3-chloro-4Hrnethoxyphenyl)-1 ,1-dime- 
thylurea ("metoxuron"); 

Important herbicidal sulfonylureas and sulfonamides specifically contemplated as useful as co-herbicides 
in compositions with the antidotal compounds of this invention include those disclosed in the following patents: 
U.S. Patent Numbers 4,383,113, 4,127,405, 4,479,821, 4,481,029, 4,514,212, 4,420,325, 4,638,004, 
4,675,046, 4,681,620, 4,741,760, 4.723,123, 4,411,690, 4,718,937, 4,620,868, 4,668,277, 4,592,776, 
4,666,508, 4,696,695, 4,731,446, 4,678,498, 4,786,314, 4,889,550 and 4,668,279; EP Numbers 084224, 
173312, 190105, 256396, 264021, 264672, 142152, 244847, 176304, 177163. 187470. 187489, 184385, 
232067, 234352, 189069, 224842, 249938, 246984 and 246984 and German Offen. DE 3,618,004. 

Among the herbicidal sulfonylureas disclosed in one or more of the above patents which are of particular 
interest are mentioned the species N-[(4-memoxy-6-methylpyrimidin-2-yl)aminocarbonyf]-3^hloro-4- 
methoxycarbonyl-1-methylpyrazole-5-sulfonamide; N-[(4,6-dimethoxypyrimidin-2-yl)aminocarbonyl]-3-chloro- 
4-methoxycarbonyl-1-methylpyrazole-5-sulfonamide; N-[(4-methoxy-6-methylpyrimidin-2-yl)aminocarbonyl]- 
3-chloro-4-ethoxycarbonyl-1-methylpyrazole-5-sulfonamide; N-[(4,6-dimethoxypyrimidin-2-yl)aminocarbonyl]- 
3^hloro-4-ethoxycarbonyl-lH^ N-[(4-methoxy-6-methylpyrimidin-2-yl)aminocar- 
bonyn-3-bromc-4-ethoxycarbonyl-1 -methyl pyrazole-5-suifonamide; N-{(4,6-dimethoxypyrimidin-2-y1)aminocar- 
bonyl]-3-bromo-4-emoxy^roonyl-1-m^ N-(methoxycarbonyl-1 -phenyl sulfonyl- 

N'-(bis-difluoromethoxypyrimidin-2-yl)urea and N-[(4,6-dimethoxypyrimidin-2-y1)-aminocarbonylH-ethoxycar- 
bonyl-1-methylpyrazole-5-surfonamide. 

Other herbicidal imidazolinone or imidazolidinone or-dione compounds within the purview of this invention 
as co-herbicides which may be safened for use in various crops include the compounds disclosed in the fol- 
lowing exemplary publications: EP Numbers 041623, 133310, 198552, 216360 and 298029; JA 1109-790. JA 
1 197-580A, J6 1 183-272A and J6 31 9&-750A; and Australian published Application No. AU 8661-073A, GB 2 
172 886A and U.S. Patent Numbers 4,188,487, 4,297,128, 4,562,257, 4,554,013, 4,647,301, 4,638,068, 
4,650,514, 4,709,036, 4,749,403, 4,749,404, 4.776,619, 4,798,619 and 4,741,767. 

Still other classes of herbicidal compounds contemplated for combination with benzoic acid derivatives and 
the antidotes of this invention include the following representative species: 

Triazines and triazinones: 2.4-bis-{isopropylamino)-6-methylthio-1,3,5-triazine ("prometryn"), 2,4-bis- 
(ethylamino)-6-methylthio-1 ,3,5-triazine ("simetryn"), 2-{1 ',2'-dimethylpropylamino>-4-ethylamino-6-methyl- 
thio-1,3,5-triazine Cdirnethametryn"), 2-(chloro-4,6-bis-<ethylamino)-1 ,3,5-triazine (•simazine ,, ), 2-tert-butyl- 
amino-4-chIoro-6-ethylamino-1,3,5-triazine ("terbuthylazine*), 2-tert-butylamino-4-ethylamino-6-methoxy- 
1 ,3,5-triazine ("terbumeton"), 2-tertbutylamino-4-ethylamino-6-methylthio-1 ,3,5-triazine ( ,, terbutryn ,, ), 2- 
ethylamino-4-isopropylamlno-6-methylthlo-1,3,5-triazlne (•ametryn") and 3,4-bis-(m thylamino)-6-tert-butyi- 
4,4-dihydro-1 ,2,4-triazJn-5-one. 

Oxadiazolones: 5-tert-butyl-3-(2',4'-dichloro-5'-isopropoxyphenyl)-1 ,3,4-oxadiazol-2-one ("Oxadiazon"). 

Phosphates: S-2-methylpiperidinocarbonylmethyl O.O-dipropyl phosphorodithioate fPiperophos"). 
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Pyrazoles: 1,3-dimethyl-4-(2',4'-dichlorob nzolyt)-5-(4'-tolylsulfonyloxy)-pyrazole; aryi- and h terocyclic- 
substitut d pyrazoles, e.g., as ex mplified in EP N . 0361114; Japanese Kokai No. JP 50137061 and U.S. 
Patent 4,008,249. Preferred species of such substituted-pyrazole compounds include 4-chloro-3-(4-chloro-2- 
Auoro-5-(2-propynyloxy)phenyl>-lHfTiethy1-5-(methylsulfonyi>-1H pyrazole and analogs thereof, e.g., where the 
5 substituent in the 5-position of the pyrazole ring is a haloalkyl radical, preferably CF 3 . 

Also a-(phenoxyphenoxy)-propionic acid derivatives and a-pyridyl-2-oxyphenoxy)-propionic acid deriva- 
tives. 

Other herblcidal compounds useful as co-herbicides with the benzoic acid compounds of Formula I include 
aromatic and heterocyclic di- and triketones exemplified in U.S. Patent Nos. 4,797.147, 4,853,028, 4,854,966, 
10 4,855,477 and 4,869,748. 

Still other co-herbicidal compounds contemplated herein are pyrrolidinones, e.g, the 1-phenyl-3-car- 
boxyamidopyrrolidinones disclosed in U.S. Patent 4,874,422, etc. 

Still other herbicidal compounds useful as co-herbicides herein include imidazolopyrimidine sulfonamides 
of the type exemplified by and disclosed in U.S Patents 4,731,446 and 4,799,952; triazolopyrimidine aminosul- 
15 fbnes of the type disclosed in U.S. Patents 4,685.958, 4,822,404 and 4,830,663; triazolopyrimidine sul- 
fonamides of the type disclosed in EP 340828 and EP 343752 and U.S. Patents 4,755,212. 4.818,273, 
4,886,883. 4,904,301 , 4,889,553 and 4,910,306. 

In addition to the antidotal compounds exemplified herein, other representative antidotal compounds 
according to Formula II or other structure are expressly disclosed in various patents, e.g., 3,959.304. 4,072.688, 
20 4,137.070, 4.124,372, 4,124,376, 4,483,706, 4,636,244, 4.033,756, 4,493,726, 4.708,735, 4,256,481, 
4,199,506. 4,251,261. 4,070,389, 4,231,783. 4.269,775. 4.152,137 and 4,294.764, and EP Nos. 0253291. 
0007588. 0190105, 0229649, 16618 and W. German Patent Application Nos. 28 28 222, 28 28 293.1, and 29 
30 450.5, South African Patent No. 82/7681 and PRC Application No. 102 879-87. 

As will be appreciated by those skilled in the art. the practice of this invention comprises the use of the 
25 antidotal compounds disclosed and claimed herein with any herbicidally-active benzoic acid or derivative com- 
pound which may optionally be combined with co-herbicides from many different classes of chemistry. Obvi- 
ously, the above listings of exemplary compounds is not intended to be exhaustive, but representative. Again, 
as noted earlier herein, it is expected that not every combination of herbicide and antidote will result in safening 
of all crops, but is within the skill of the art to test any given herbicide with an invention antidote in plant screens 
30 of any spectrum of plants and note the results. 

The foregoing embodiments illustrate that the combinations of herbicide and antidote of this invention are 
useful in controlling weeds while reducing herbicidal injury to crop plants under greenhouse and field test con- 
ditions. 

In field applications, the herbicide, antidote, or a mixture thereof, may be applied to the plant locus without 

35 any adjuvants other than a solvent Usually, the herbicide, antidote, or a mixture thereof, is applied in conjunc- 
tion with one or more adjuvants in liquid or solid form. Compositions or formulations containing mixtures of an 
appropriate herbicide(s) and antidote usually are prepared by admixing the herbicide and antidote with one or 
more adjuvants such as diluents, solvents, extenders, carriers, conditioning agents, water, wetting agents, dis- 
persing agents, or emulsifying agents, or any suitable combination of these adjuvants. These mixtures may be 

40 in the form of emulsifiable concentrates, microencapsulates, particulate solids, granules of varying particle size, 
e.g., water-dispersible or water-soluble granules or larger dry granules, pellets, wettable powders, dusts, sol- 
utions, aqueous dispersions, or emulsions. 

Examples of suitable adjuvants are finely-divided solid carriers and extenders including talcs, clays, 
pumice, silica, diatomaceous earth, quartz, Fuller's earth, sulfur, powdered cork, powdered wood, walnut flour, 

45 chalk, tobacco dust, charcoal, and the like. Typical liquid diluents include Stoddard's solvent, acetone, 
methylene chloride, alcohols, glycols, ethyl acetate, benzene, and the like. Liquids and wettable powders usu- 
ally contain as a conditioning agent one or more surface-active agents in amounts sufficient to make a compo- 
sition readily dispersible in water or in oil. The term "surface-active agent" includes wetting agents, dispersing 
agents, suspending agents, and emulsifying agents. Typical surface-active agents are mentioned in U.S. Patent 

50 No. 2.547,724. 

Compositions of this invention generally contain from about 5 to 95 parts herbicide-and-antidote, about 1 
to 50 parts surface-active agent, and about 4 to 94 parts solvent, all parts being by weight based on the total 
weight of the composition. 

Application of the herbicide, antidote, or mixture thereof, can be carried out by conventional techniques 
55 utilizing, for example, hand-carried or tractor-mounted spreaders, power dusters, boom and hand spray rs, 
spray dusters, and granular applicators. If desired, application of the compositions of the inv ntion t plants 
can be accomplished by incorporating the compositions in th soil or other media. 

The crop may be protected by treating the crop seed with an effective amount of antidote prior to planting. 
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Generally, smaller amounts of antid t are required t treat such s eds. A weight ratio of as little as 0.6 parts 
of antidote per 1000 parts of seed may be effectiv . Th am unt of antidote utilized in treating the se d may 
be Increased if desired. Generally, however, a weight ratio of antidote-to-seed weight may range from 0.1 to 
10.0 parts of antidote per 1000 parts of seed. Since only a very small amount of active antidote is usually 
required for the seed treatment, the compound preferably is formulated as an organic solution, powder, emul- 
sifiable concentrate, water solution, or flowable formulation, which can be diluted with water by the seed treater 
for use in seed treating apparatus. Under certain conditions, it may be desirable to dissolve the antidote in an 
organic solvent or carrier for use as a seed treatment or the pure compound alone may be used under properly 
controlled conditions. 

For antidote seed-coating for antidotes applied to soil in granular or liquid formulations, suitable carriers 
may be either solids, such as talc, sand, clay, diatomaceous earth, sawdust, calcium carbonate, and the like, 
or liquids, such as water, kerosene, acetone, benzene, toluene, xylene and the like, in which the active antidote 
may be either dissolved or dispersed. Emulsifying agents are used to achieve a suitable emulsion if two immis- 
cible liquids are used as a carrier. Wetting agents may also be used to aid in dispersing the active antidote in 
liquids used as a carrier in which the antidote is not completely soluble. Emulsifying agents and wetting agents 
are sold under numerous tradenames and trademarks and may be either pure compounds, mixtures of com- 
pounds of the same general groups, or they may be mixtures of compounds of different classes. Typical satis- 
factory surface active agents which may be used are alkali metal higher-alkylarylsulfbnates such as sodium 
dodecyibenzenesulfonate and the sodium salts of alkylnaphthalenesulfonic acids, fatty alcohol sulfates such 
as the sodium salts of monoesters of sulfuric acid with n-aliphatic alcohols containing 8-18 carbon atoms, long- 
chain quaternary ammonium compounds, sodium salts of petroleum-derived alkylsulfonic acids, polyethylene 
sorbitan monooleate, alkylaryl polyether alcohols, water-soluble lignin sulfonate salts, alkali casein compo- 
sitions, long-chain alcohols usually containing 10-18 carbon atoms, and condensation products of ethylene 
oxide with fatty acids, alkylphenols and mercaptans. 

Although this invention has been described with respect to specific embodiments, the details of these 
embodiments are not to be construed as limitations. Various equivalents, changes and modifications may be 
made without departing from the spirit and scope of this invention, and it is understood that such equivalent 
embodiments are part of this invention. 



Claims 

1. Composition comprising: 

(a) a herbicidally-effective amount of a compound of Formula I as defined herein: 



wherein R can be selected from the group consisting of haloalkyl; haloalkenyl; aikyl; alkenyl; cycloalkyl; 
cydoalkylalkyl; halogen; hydrogen; carboalkoxy; N-alkenylcarbamylalkyl; N-aikenylcarbamyl; N-alkyl- 
N-alkynylcarbamyl; N-alkyi-N-alkynylcarbamylalkyl; N-alkenylcarbamylalkoxyalkyl; N-alkyi-N-alkynyl- 
carbamylalk xyalkyl; alkynoxy; haloalkoxy; thiocyanat alkyl; alkenylamin alkyl; alkylcarboalkyl; 
cyanoalkyl; cyanatoalkyl; alkenylaminosulf noalkyl; alkylthioalkyl; haloalkylcarbonyloxyalkyl; 



I 




and agriculturally-acceptable salts thereof wherein 

Ra is halogen, C^ aikoxy or C^ alkylsubstituted amino and 
n is 0-5 

(b) an antidotally-effective amount of a compound of Formula II 



II 




66 



EP 0 480 902 A1 



alkoxycarboalkyl; haloalkenylcarbonyloxyalkyl; hydr xyhaloalkyloxyalkyl; hydroxyalkylcarboalkyoxyai- 
kyl; hydroxyalkyl; alk xysulf noalkyl; furyl, thi nyl; alkyldithiolenyl; thi nalkyl; ph nyl and substituted 
phenyl wherein said substitu nts can be selected from halogen, alkyl, haloalkyl, alkoxy, carbamyl, nitro, 
carboxylic acids and their salts, haloalkyl carbamyl; phenylalkyl; phenylhaloalkyl; phenylalkenyl; substi- 
tuted phenylalkenyl wherein said substituents can be selected from halogen, alkyl, alkoxy, 
halophenoxy, phenylalkoxy; phenylalkylcarboxyalkyl; phenylcycloalkyl; halophenylalkenoxy; 
halothiophenylalkyl; halophenoxyalkyl; bicycloalkyl; aJkenylcarbamylpyridinyl; alkynylcarbamylpyridi- 
nyl; dialkenylcarbamylbicycloalkenyl; alkynylcarbamylbicycloalkenyl; 

R t and R 2 can be the same or different and can be selected from the group consisting of alkenyl; 
haloalkenyl; hydrogen; alkyl; haloalkyl; alkynyl; cyanoalkyl; hydroxyalkyl; hydroxy haloalkyl; haloalkyl- 
carboxyalkyl; alkylcarboxyalkyl; alkoxycarboxyalkyl; thioalkylcarboxyalkyl; alkoxycarboalkyl; alkylcar- 
bamyloxyalkyl; amino; formyl; haloalkyl-N-alkylamido; haloalkylamido; haloalkylamidoaikyl; 
haloalkyi-N-alkylamidoa!kyl; haloalkylamido alkenyl; alkyfimlno; cycloalkyl; alkylcycloaJkyl; alkoxyalkyl; 
alkylsulfbnyloxyalkyl; mercaptoalkyl; alkylarninoa'kyl; aJkoxycarboalkenyl; haloalkylcarbonyl; alkylcar- 
bonyl; alkenylcarbamyloxyalkyl; cycloalkylcarbamyloxyalkyl; alkoxycarbonyl; haloalkoxycarbonyl; 
halophenytcarbamyloxyalkyl; cycloalkenyl; phenylsulfbnyl; substituted phenylalkyl wherein said sub- 
stituents can be selected from halogen or alkyl; dioxyalkylene, halo- phenoxyalkylamidoalkyl; alkyl- 
thiodiazolyl; piperidyl; piperidylalkyl; dioxolanylalkyl, thiazolyl; alkyl- thiazolyl; benzothiazolyl; 
halobenzothiazolyl; furyl; alkyl-substituted furyl; furyialkyl; pyrldyl; alkyl- pyridyl; aikyloxazolyl; tetrahyd- 
rofurylalkyl; 3-cyano, thienyl; alkyl-substituted thienyl; 4,5-polyalkyfene-thienyl; a-haloalkylacetami- 
dophenylalkyl; a-haJoaJkylacetamidoriitropheriylalkyl; a-haloalkylacetamidohaJophenylaJkyl; cyanoalkenyl; 

Ri and R 2 when taken together can form a structure consisting of piperidinyl; alkylpiperidinyl; pyri- 
dyl; di- or tBtrahydropyridinyl; alkyltetrahydropyridyl; morpholyl; alkylmorpholyl; azabicyclononyi; 
diazacycloalkanyl; benzoalkylpyrrolidinyl; oxazolidinyl; perhydrooxazolidinyl; alkyloxazolidyl; 
furyioxazolidinyl; thienyloxazolidinyl; pyridyloxazolidinyl; pyrimidinyloxazolidinyl; benzooxazolidinyl; 
C3-7 spirocycloalkyloxazolidinyl; alkylaminoalkenyl; alkylidene-imino; pyrrolidinyl; piperidonyi; perhyd- 
roazepinyl; perhydroazocinyl; pyrazolyl; dihydropyrazolyl; piperazinyl; perhydro-1 ,4-diazepinyl; quinoli- 
nyl; isoquinolinyl; dihydro-, tetra- hydro- and perhydroquinolyl- or -isoquinolyl; indolyi and di- and 
perhydroindolyi and said combined R n and R 2 members substituted with those independent Ri and R 2 
radicals enumerated above; 
or Formula III 



R4 is hydogen, C,^ alkyl, alkylol, haloalkyl or alkoxy, alkoxyalkyl, a bicyclic hydrocarbon 
radical having up to 10 carbon atoms, phenyl or a saturated or unsaturated heterocyclic radical having 
C5-10 rin 9 atoms and containing from 1 to 4 ring hetero atoms selected independently from O, S and/or 
N atoms, or said phenyl and heterocyclic radical substituted with one or more alkyl, haloalkyl, 
alkoxy, alkoxyalkyl, halogen or nitro radicals, and 

Rs and R$ are Independently hydrogen, alkyl or haloalkyl, phenyl or a heterocyclic R* mem- 
ber or together with the carbon atom to which they are attached may form a C^-Cj spirocycloalkyl group 
or one of the following compounds: 

a-[(Cyanomethoxy)imino]benzeneacetonitriIe, 

a-[(1,3-Dioxolan-2-yl-methoxy>-imino]benzeneacetonitrile, 

0-{1 ,3-D toxdan-2-y1memyi}-2,2£-tiifluoro oxime, 

Benzenemethamine, N-[4^dichloromethylene]-1,3-ditholan-2-ylidene]-a-methyl i hydrochloride, 

Diphenytmethoxy acetic acid, methyl ester, 

1,8-Naphtalic anhydride, 

4,6-Dtehloro-2-phenyl-pyrimidine, 

2-Chloro-r^1-{2,4,6-trimethylphenyl)ethenyl]acetamide, 



III 




wherein 
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Ethylen glycol acetal of 1,1-dichloroacetone, and 
(c) a herbicidally-effectlve am unt of an a-chloroacetamid co-herblcide as defined by Foimulae IV: 




IV 



10 wherein R 7 and Re are independently hydrogen; alkyl, alkoxy, alkoxyaikyl, acylamlnomethyl, acyl-al- 

kyl-substituted aminomethyl; cycloalkyf, cycloalkylmethyl, alkenyl, alkynyl, cycloalkenyl, cycloal- 
kenylmethyl having up to 8 carbon atoms; or C4_io heterocyclyl or heterocyclylmethyl containing from 1 to 
4 ring hetero atoms selected independently from N, S or O; and wherein said R 7 and Re members may 
be substituted with alkyl, alkenyl, alkynyl, alkenyloxy, alkynyloxy, alkoxy, alkoxyaikyl, alkoxycarbomethyl 

15 or -ethyl having up to 8 carbon atoms; nitro; halogen; cyano; amino or C t ^ alkyl-substituted amino; and 

wherein R 7 and Re may be combined together with the N atom to which attached to form one of said 
heterocyclyl or substituted-heterocyclyl members; provided that: 

(a) R 7 and Re are not simultaneously hydrogen; 

(b) when R 7 is cycloalkenyl or substituted cycloalkenyl, Re is other than an (un)substituted (2-oxo- 
20 3(2H)benzo-thiazoly»)-methyl radical; 

(c) when R 7 is an alkenyl or substituted alkenyl radical, Rs is other than a substituted-alkytene radical. 



25 



30 



Composition according to Claim 1 wherein R 7 is C^ alkoxyaikyl, C3_ 7 cycloalkyl or -cycloalkenyl, C4_ 10 
heterocyclyl or heterocyclylmethyl and Re is C^ alkyl, C^ 10 heterocyclyl or heterocyclylmethyl or said R 7 
and Re members substituted with one or more Ci_e alkyl radicals. 

Composition according to Claims 1 or 2 wherein said compound of Formula IV is N-(2,4-dimethylthien-3- 
yl)-N-(1-methoxyprop-2-yl)-2-chloroacetamide; N-(1H-pyrazol-1-ylmethyl)-N-(2 t 4-dimethylthien-3-yl)-2- 
chloroacetamide, N^1-pyrazol-1-ylmethyl)-N^4,6-dimeth^ or tri- 

mexachlor. 

4. Composition according to any of claims 1 -3 wherein said compound of Formula IV is N-(2,4-dimethy1thien- 
3-yl)-N-(1-methoxyprop-2-yl)chloroacetamide. 

35 

5. Composition according to Claim 1 wherein in said compound of Formula IV R 7 is a substituted or unsub- 
stituted pyrazolyl or pyrazdylmethyl radical. 

6. Composition according to any of claims 1 -5 wherein said compound of Formula IV is N- (1 H-pyrazol-1 -yl- 
methyl)-N-(2 f 4-dimethyIthien-3-yl)-2-chloroacetamide, or N-(1-pyrazol-1-ylmethyl)-N-(4,6-dimethoxypyrH 
midin-5-yl)-2-chloroacetamide. 

7. Composition according to any of Claims 1 to 6 wherein the compound of Formula I Is dicamba or its agricul- 
turally-acceptable salts. 

8. Composition according to any of claims 1-7 wherein the compound of Formula II is N t N-diallyl- 
dichloroacetamide, N-(2-propenyl)-N-(1 ,3-dioxolan-2-yl-methyl)dichloroacetamlde. 

9. Composition according to any of claims 1-7 wherein said compound of Formula III is oxazolidine, 3-(di- 
chloroacetyl)-2,2,5-trimethyl-. 

10. Composition according to any of claims 1-7 wherein said compound of Formula III is 4-(dichloroacetyl)-1- 
oxa-4-azaspiro-(4,5)-decane. 

11. Composition according to any of claims 1-7 wherein said compound of Formula III is oxazolidine, 3-dichlo- 
roacetyl)-2,2-dimethyl-5-phenyl-. 

12. Composition according t any of claims 1-7 wh rein said compound of Formula III is xazolidine, 3-(di- 



40 
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chloroacetyl)-2,2-dim thyl-5-(2-furanyl)-. 

13. Composition according to any f claims 1-7 wherein said compound f Formula III is xazolidin , 3-(di- 
chloroacetyl)-2 f 2-dimethyl-5-<2-thienyl)-. 

14. Composition according to any of claims 1-7 wherein said compound of Formula III is pyridine, 3-[3-(dichlo- 
roacetyl)-2,2-dimethyl-5-oxazolidinyl]-. 

15. Composition according to any of claims 1-7 wherein prising as the compound of Formula II an antidotally- 
effective amount of one of the following compounds: 

4-<Dichloroacetyl)3 f 4-dihydro-3-methyl-2H-1,4-benzoxazine, 
Ethanone, 2 l 2-dichloro-1-(1,2 > 3 f 4-tetrahydro-1-methyl-2-isoquinolinyl)-, 
Cis/trans-piperazine, 1 ,4-bis(dichloroacetyl)-2, 5-dimethyh 
N-(Dichloroacetyl>-1,2 l 3,4-tetrahydroquinaldine 1 
1 ,5-Diazacyclononane, 1 ,5-bis(dichIoroacetyl , 
1 -Azaspiro[4,4]nonane, 1 -(dichloroacetyl). 

16. Composition according to Claim 15 wherein said compound of Formula II is 4-{dichloroacetyl)-3,4-dihyd- 
ro-3-methyl-2H-1 ,4-benzoxazine. 

17. Composition according to Claim 15 wherein said compound of Formula II is ethanone, 2,2-dichloro-1- 
(1 ,2,3,4-tetrahydro-l -methyl-2-isoquinoiinyl)-. 

18. Composition according to Claim 15 wherein said compound of Formula II is cis/trans-piperazine, 1 ,4-bis(di- 
chloroacetyl>-2,5-dimethyl-. 

19. Composition according to Claim 15 wherein said compound of Formula II is N-(dichloroacetyl)1,2,3,4-tet- 
rahydroquinaldine. 

20. Composition according to Claim 15 wherein said compound of Formula II is 1,5-diazacyclononane, 1,5- 
bis(dichloroacetyl). 

21. Composition according to Claim 1 5 wherein said compound of Formula II is 1-azaspiro[4,4]nonane, 1-(di- 
chloroacetyi). 

22. Composition according to any of claims 1-7 comprising an antidotally-effective amount of one of the fol- 
lowing compounds: 

a-((cyanomethoxy)imino]benzeneacetonitrile, 

a-[(1.3-Dioxolan-2-yl-methoxy)imino]-benzeneacetonitrQe, 

0-{1 ,3-Dioxolan-2-yfmethyI]-2,2,2-tri fluoromethyM'-chloroacetophenone oxime, 

Benzenemethamine, N-[4-(dichloromethylenel-1 ,3-dithiolan-2-ylidenel-aHmethyl, hydrochloride, 

Diphenyimethoxy acetic acid, methyl ester, 

1,8-NaphthaIic anhydride, 

4,6-Dichioro-2-phenyl-pyrimidine v 

2- Chloro-NK1-{2 f 4 t 6-trimethy1phenyl)-ethenyl]acetamide, 
Ethylene glycol acetal of 1,1-dichloroacetone. 

23. Composition comprising a herbicidally-effective amount of benzoic acid substituted with only chlorine 
atoms or C t _* alkoxy radicals or agriculturally-acceptable salts thereof and a co-herbicidal compound 
according to Formulae IV and an antidotally-effective amount of at least one of the following: 

N.N-diallyl-dichloroacetamide, 

N-(2-propenyl>-NK1 ,3-dioxolanylmethyl)-dichloroacetamide ( 
Oxazolidine 3-<dlchloroacetyl)-2,2,5-trimethyl, 
Oxazolidine 3-<dk:hIOfoace^)-2^-dimethyl-5-(-2-furanyl)-, 

3- (dichloroacetyl)3 i 4-<lihydro-3-m thyl-2H-1 ,4-benzoxazine, 
a-[(cyanomethoxy)imino]benzene acetonitril , 

a-{(1 ,3-dioxolan-2-yf-methoxy)iminol-benzen acetonitrfle, 

Q-[1,3-Dioxoian-2-ylmethyl)-2,2^-trifIuoromethyl-4'-chloroacetoph oxime, or 
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4-<dichloroacetyl)-1-oxa-4-azaspiro-(4,5-d cane. 

24. C mpositi n according to Claim 23 wherein said compound of F rmula IV is selected from the group con- 
sisting of N-(2,4-dimethyl-thien-3-yl)-N-(1-methoxyprop-2-yl)-2-chloroacetamide, N-(1H-pyrazol-1-ylme- 
thyl)-N-(2,4-dimethylthien-3-yl)-2-chloroacetamide, and N-(1-pyrazol-1-ylmethyi)-N-(4,6-dimethoxypyri- 
m idi n-5-yl)-2-ch loroacetam ide. 

25. Method for reducing phytotoxicity to crop plants due to herbicidal compounds having the formula I as 
defined in any of claims 1 and 7 in admixture with one or more additional a-chloroacetamide compounds 
as co-herbicide(s) of Formula IV as defined in any of Claims 1-6 which comprises applying to the locus 
of the crop plant an antidotally-effective amount of 

(i) a compound of the formula II as defined in any of claims 1 and 8 and 15-21; or 

(ii) one of the compounds as defined In claim 1; or 

(iii) a compound of formula III as defined in any of claims 1, 9-14. 

26. Method according to Claim 25 wherein said compound of Formula I is dicamba or its agriculturally-accept- 
able salts. 

27. Method according to Claims 25-26 wherein in said compound of Formula IV, R 7 is an alkoxyalkyi or a 
(un)substituted heterocyclyl or heterocyclylmethyl radical and Re is a (un)substituted heterocyclyl or 
heterocyclylmethyl radical. 

28. Method according to Claims 25-26 wherein said compound of Formula IV is N-(2,4-dimethylthien-3-yl)-N- 
(1-methoxyprop-2-yl)-2-chioro-acetamide f N-(1H-pyrazol-1-ylmethyl)-N-(2 f 4-dimethyl-thien-3-yl)-2-chlo- 
roacetamide or N-(1-pyrazol-1-yl-methyl)-N-(4,6-dimett^ 

29. Method according to any of Claims 25 - 28, wherein said crop plant is com. 
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